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backing up the SOCK in SAC 


Backing up the atomic Sock in the 
Strategic Air Command is 4a@ssa’s 
incredible fire control system for B-52 
bombers. Sighting, setting and shoot- 
ing are all accomplished with deadly, 
automatic accuracy as these lethal 
tail turrets seek out hostile aircraft— 
manned or missile—and blast ’em 
to earth. 


The MD-9 fire control system, 
designed, developed and produced by 
ARMA, demonstrates con- 
tinuing leadership in engineering, 
evaluating and producing advanced 
electronic and electro-mechanical 
systems. Garden City, 
N. Y....adivision of American Bosch 
Arma Corporation. 


AMERICAN BOSCH ARMA CORPORATIOW 
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What does it take to create a complete 


Missile Weapon System? 


“A system composed of equipment, skills and techniques, the composite of which forms an instrument of combat, 
usually . . . having an air vehicle as its major operational element. The complete weapon system includes all related 
equipment, materials, services, and personnel required solely for the operation of the air vehicle .. . so that the 
instrument of combat becomes a self-sufficient unit of striking power within its intended operational environment.” 


— Quoted from Defense Department Regulations 


GUIDANCE 

— of the accuracy of ATRAN. 
Goodyear Aircraft Corporation 
designed, developed and pro- 
duces this system for guiding 
American missiles. 


RADOMES 

—exterior structural plastic 
housing for a missile’s elec- 
tronic eyes. Goodyear Aircraft 
is a pioneer and leading pro- 
ducer of such housings. 


RADAR 

— Goodyear Aircraft builds hi- 
performance airborne systems 
and large radar structures for 
early warning, missile guidance 
and tracking systems. 


AIRFRAMES 

— fabricated of the newest 
alloys by the most advanced 
techniques. Goodyear Aircraft 
has decades of light-metals 
experience in airship pioneer- 
ing. building thousands of com- 
plete airplanes and structures 
for today’s jet aircraft and 
missiles. 


ROCKETS 

—to propel the missiles skyward. 
Goodyear Aircraft builds more 
large-size rocket cases than any 
other manufacturer, has one of 
the largest facilities in the 
nation. 


Goop#y 


Plants in Akron, Ohio, and Litchfield Park, Arizona 
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GROUND SUPPORT EQUIPMENT 
— to check the missile’s design 
characteristics, the complete 
system’s performance—to move, 
maintain, launch a squadron’s 
missiles. Goodyear Aircraft 
designs and builds this equip- 
ment, and has created today’s 
foremost mobile missile ground 
support system. 


COMPUTERS AND 

FLIGHT SIMULATORS 

— to check the missile’s initial 
design characteristics and sim- 
ulate its flight. Goodyear Air- 
craft builds GEDA, an analog 
computer, and supplies flight 
simulators for the military 
services. 

UNIFIED ENGINEERING 

—to solve the technical com- 
plexities of creating a complete 
system. Goodyear Aircraft has 
a Weapon System Engineering 
organization—specialists with a 
unified approach to, and com- 
plete familiarity with, the total 
problem. 


PRODUCTION FACILITIES 

—to tie together and produce 
the whole concept. Goodyear 
Aircraft maintains facilities in 
Akron, Ohio, and Litchfield 
Park, Arizona, where 12,000 
skilled people work—To Keep 
America First In The Air. 
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ATRAN, GEDA—T. M.'s Goodyear 
Aircraft Corporation, Akron 15, Ohio 


June 1958 + Aero/Space Engineering 


| 
| 
| 
| 
| 
j { 
| 
= 
PON S S E 
n 
. 3 
| 
a 
‘By 
: 
i 
a 
her, 
ii 
é 
f 
— 
i 
| 


PUBLICATION STAFF 


On our cover 


Editor: Welman A. Shrader 

Managing Editor: Rita J. Turino 
Associate Editor: Allan Bernhardt 
News Editor: Louis F. Slee 

Reviews Editor: Irene W. Bogolubsky 
Book Reviews Editor: John J. Glennon 


This close-up view of the Convair Atlas ICBM shows some of its stain- 
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Ni-Cr-Mo steel to form seamless hollow 
blades eliminates welding of blade edges 
and saves 200 pounds of steel per blade. 


Curtiss-Wright Turbolectric Propellers on 
the Air Force’s C-133A, world’s larg- 
est turboprop cargo plane. Extruding 


Steel requirement cut 600 Ibs. per prop 


Curtiss-Wright engineers turn 
the trick by extruding a one-piece 
hollow blade instead of welding 
the blade from preformed and 
machined plates. They do it with 
4330 nickel-chrome-moly steel. 


4330 steel in combination with 
this extruded design means... 
improved strength and toughness 
to handle tremendous power from 
turboprop engines ... big savings 
‘in material . . . fewer fabricating 
operations. 


4330 nickel alloy steel has 
proved adaptable to the extrusion 
process ... and uniquely reliable 
in its response to die quenching 
during heat treatment. 

This propeller assembly also 
takes advantage of the properties 
of two other nickel-containing 


steels. Hubs are 4340 nickel alloy 
steel for maximum hardenability 
and toughness. Hub mechanism 
gears are 9310 nickel-chromium- 
molybdenum carburized steel for 
high strength and good wear re- 
sistance. 

Nickel alloy steels offer many 
combinations of properties that 
open up opportunities to develop 
new production techniques and 
pioneer designs. 


Write for your copy of “The 
Properties of Heat Treated 
Wrought Nickel Alloy Steels’’. 
And if you want help with some 
metal problem of your own, get 
in touch with us. We’ll be glad to 
work with you. 


The International Nickel Company, Inc. 
67 Wall Street deo, New York 5, N. Y. 


One-piece hollow blade is extruded from 
the billet at left, then formed by flatten- 
ing and die quenching. Blade tip is 
closed by welding. 


NCO NICKEL 


NICKEL ALLOYS PERFORM BETTER LONGER 
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. . arecord of people and events of interest to Institute Members 


IAS National Summer Meeting 
to Offer Balanced Program 


A PROGRAM devoted to three primary fields of aviation—manned aircraft, 
missiles, and spacecraft—has been planned for the Institute’s National Summer 
Meeting, July 8-11, at the Ambassador Hotel, Los Angeles. 


The meeting committee has an- 
nounced more and better technical 
sessions by programing two and three 
sessions at the same time. (They 
will precede the ‘‘Triennial Inspec- 
tion” of NACA Ames Aeronautical 
Laboratory beginning July 14.) 

The necessity for more up-to-date 
information has resulted in six classi- 
fied sessions which will be cosponsored 
by the USAF Air Research and De- 
velopment Command, Los Angeles 
office. Ten unclassified sessions, a 
banquet-dance, two luncheons, and a 
field trip round out the program. 


Speakers 


“A Space Technology Program for 
America” will be discussed by H. 
Guyford Stever, principal speaker at 
the banquet, Thursday evening. Dr. 
Stever is Associate Dean of Engineer- 
ing, Massachusetts Institute of Tech- 
nology, and Chairman, NACA Special 
Committee on Space Technology. 
IAS President Edward C. Wells will 
be Toastmaster. 

Dr. Frederick E. Terman, Provost 
and Dean of Engineering, Stanford 
University, will speak on ‘‘Future Trends 
in Engineering Education’’at a luncheon 
on Tuesday. Clark B. Millikan, Direc- 
tor, Guggenheim Aeronautical Labora- 
tory, C.I.T., will be luncheon Toast- 
master. The second luncheon speaker 
will be announced later. 


Session Chairmen 


The sessions and their respective 
chairmen are as follows: 

Applied Aerodynamics (classified) — 
Stanford Church, Chief Aerodynam- 
ics Engineer, Douglas Long Beach 
Division; Structures—Ernest  E. 
Sechler, Professor, Aeronautics, C.I.T.; 
Missile Structural Design (classified) 
—Adam T. Zahorski, President, 
Zahorski Engineering. 

Aerodynamics—R. Richard Heppe, 
Manager, Advanced Aerodynamics 


Research Staff, Lockheed Burbank; 
Astronautical Education—Craig Tay- 
lor, Professor, Engineering, U.C.L.A. 
(in cooperation with ASEE Aeronau- 
tical Engineering Division); Develop- 
ment of the Thor Missile (classified)— 
Elmer P. Wheaton, Chief Missiles 
Engineer, Douglas; Electronics in 
High-Speed Flight—Robert J. Shank, 
Vice-President—Engineering, Hughes 
Aircraft. 

Experimental Test Facilities— 
Frank E. Goddard, Chief, Aerody- 
namics and Propellants Dept., C.I.T. 
Jet Propulsion Laboratory; Propul- 
sion From Earth Into Space 
(classified)—Don L. Walter, Vice- 
President—Engineering, Marquardt 
Aircraft; Space Guidance and Con- 
trol—William H. Pickering, Director, 
JPL. 

Development of the Convair B-58 
(classified)—August C. Esenwein, 
Vice-President, Convair Fort Worth; 
Flight Testing (classified)—Walter C. 
Williams, Chief, NACA High-Speed 
Flight Station; Space Vehicles— 


M. Carl Haddon 
Chairman, Los Angeles Section 


C. Richard Cantrell, Jr. 
Meeting Committee Chairman 


Simon Ramo, President, Space Tech- 
nology Laboratories, Ramo-Wool- 
dridge Corp. 

Development of the Lockheed Jet- 
Star—John K. Northrop, Engineering 
Consultant; Space Navigation—Sam- 
uel Herrick, Professor, Astronomy, 
U.C.L.A.; Management and Aero- 
nautical Progress—Robert E. Gross, 
Board Chairman, Lockheed; Com- 
mercial Turbine Transports— Elwood 
R. Quesada, Chairman, Airways Mod- 
ernization Board. 

Inspection of a display of domestic 
and foreign turbine transports at Long 
Beach Municipal Airport will con- 
stitute the field trip, 8:30 a.m. to 4:30 
p.m., July 11. 

Chairman of the National Summer 
Meeting Committee is C. R. Cantrell, 
Jr., Lockheed California Division. 

Committee members who are han- 
dling arrangements include L. L. Kav- 
anau, Aeronutronic Systems; D. L. 
Elder, J. W. Ellinwood, D. C. Gore, 
Jr., and R. W. Hovey—all of Doug- 
las; R. M. Bentley and E. O. Mar- 
riott, Hughes; J. S. Clauss, T. P. 
Higgins, Jr., J. R. McMaster, Lock- 
heed; E. P. Colditz and R. C. Whit- 
aker, Marquardt; PP. T. Holliday 
and W. J. Oakes, Northrop; H. R. 
Jex, Radioplane; H. S. Hansen, 
Ramo-Wooldridge; Ben Cagle, South- 
ern California Cooperative Wind Tun- 
nel; and Major R. Crawford. 
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"Air-Breathing Engines” Panel: (Left to right) 
G. F. Hausman, Harry Drell, Eugene Perchonok, 
Capt. Willoughby Mercer (Chairman), W. Mahnken, 
and M. Cutler. 


(Below) “Rocket Technology” Panel: Howard W. 
Douglas, A. R. Kimball, Lt. Col. H. W. Robbins 
(Chairman), T. F. Dixon, and W. R. Kirchner. 


The IAS and Principals 
at Cleveland 


Here are some of the principals who helped to make 
this year’s National Flight Propulsion Meeting an out- 
standing success. Over 600 registrants attended the 
2-day classified program, arranged by the IAS Cleve- 
land-Akron Section and held under the sponsorship of 
the USAF, March 13, 14. 

These security-classified meetings, which have be- 
come a significant tradition in the Institute's annual 
program, could only be held with the full cooperation of 
many people and organizations. Particular credit goes 
to the NACA staff at Lewis Flight Propulsion Labora- 
tory and to the security people of the Air Force in Cleve- 
land and Washington who make these classified ses 
sions possible. 


“Nuclear Engine Technology” Panel: 
O. Sisman, N. M. Schaeffer, A. R. Crocker, 
and F. A. Cleveland (Chairman). 


(Left) "Rocket Systems” Panel: Capt. 
Robert C. Truax, Maurice F. Zucrow 
(Chairman), Lt. Col. Langdon F. Ayers, 
and Herman K. Weidner. 


(Right) DeMarquis D. Wyatt, Program 
Chairman of the 1958 Flight 
Propulsion Meeting. 


(Below) Dr. Hubertus Strughold, 
dinner speaker, IAS President 
E. C. Wells, and Adm. C. M. 
Bolster, Chairman of the 
Cleveland-Akron Section. 
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OR X-RAY AND GAMMA-RAY RADI 


SELECTION OF KODAK FIUMS F 


Guide 


JOGRAPHY 


Important Radiographic data at a glance 


Free Wall Charts give you latest information on film selection, 


relative speed, and contrast. 


pay’s fast films and varied radiation 
give the present-day radiographer 
many new opportunities for establishing expo- 
sure factors to meet unusual conditions and 
get better radiographs. 


So that you can have the latest information 
right before you, Kodak has prepared two 
quick-reference wall charts—one, a guide for 
selecting the best type film for your x-ray and 
gamma ray work—the other, showing relative 
speed, contrast, and development of Kodak 
Industrial X-ray Films. 


These charts are yours—free for the asking. 
Just drop us a line and you'll get yours by 
return mail. 


EASTMAN KODAK COMPANY 235-6 
X-ray Division, Rochester 4, N. Y. 


Gentlemen: Please send me your free wall charts of 
Radiographic data. 


GHC 


Street 


EASTMAN KODAK COMPANY 
X-ray Division 
Rochester 4, N. Y. 
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AIA-IAS GROUP VISIT CAPE 


Major General Donald N. Yates, Commander of the Air Force 
Missile Test Center, Patrick AFB, Fla. 


(Center) Map of the 5,000 Mile Range, showing the 12 stations 
controlled by the Air Force Missile Test Center between Cape 
Canaveral and Ascension Island. 


+ ae ia (Bottom) Eight ground antennas, protected by pressurized plastic 
domes and placed along two base lines in the form of a cross, 

hee constitute the ground portion of the Azusa tracking system, 

developed by Convair Astr ti A transponder carried 

in the missile receives signals from this ground station, 

modifies and then retransmits them, giving continuous data 

on the position and speed of the missile. 
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CANAVERAL AND PATRICK AFB 


The Aircraft Industries Association and the Institute teamed 
up for a jointly sponsored high-level session at Cape Canaveral, 
April 8, 9. At the invitation of ARDC and the Commander of 
Patrick Air Force Base, some 75 IAS Corporate Member repre- 
sentatives and 25 members of AIA’s Guided Missiles Committee 
toured the facilities of Patrick AFB and the Air Force Missile 
Test Center, following a morning of classified briefings by General 
Yates and members of his staff. 

The unclassified official Air Force photos shown here give some 
indication of the magnitude of operations carried on at this 
Center. But, to the group listed below, the opportunity of see- 
ing and discussing some of the problems involved held many 
advantages—both for the Air Force and for the industries repre- 
sented. 


LIST OF ATTENDEES 


Able, Charles R., Douglas Aircraft Corp.; *Anselm, R. Harvey, Mgr.— 
Missile Engrg., Beech Aircraft Corp.; Bain, Walter G., V-P & Gen. Mar., 
Republic Aviation Corp.; *Baker, Donald A., Major Proj. Engr., Aerophysics 
Development Corp.; *Beerer, J. G., V-P & Gen. Megr., Missile Develop. Div., 
North American Aviation, Inc.; Bergen, William B., Exec. V-P, The Martin 
Co.; Blaylock, R. C., V-P—Engrg., Chance Vought Aircraft, Inc.; Bolger, 
Joseph F., Washington Rep., Grumman Aircraft Engineering Corp.; Brent- 
nall, Major Gen. S. R., USAF (Ret.), Mgr. & Engrg. Consultant, A. O. Smith 
Corp.; *Bromberg, B. G., Chief Engr., Missile Engrg. Div., McDonnell Air- 
craftCorp.; Brown, James P., Gen. Mgr., Astronics Div., Lear, Inc.; Burden, 
William A. M., Dir., Lockheed Aircraft Corp.; Burns, John T., Gen. Mear., 
Aero Hydraulics Div., Vickers Inc.; Chapline, George F., V-P, Fairchild 
Engine and Airplane Corp.; Chidlaw, Gen. B. W., USAF (Ret.), V-P, 
Thompson Products, Inc.; Colvin, Charles H., Pres. & Treas., Colvin Labora- 
tories, Inc.; *Cook, Gen. Orval R., USAF (Ret.), Pres., AIA; Craigie, Lt. 
Gen. Lawrence C., USAF (Ret.), V-P & Dir., American Machine & Foundry 
Co.; Crawford, F. C., Board Chairman & Dir., Thompson Products; Crosby, 
J. W., Pres., Thiokol Chemical Corp.; Dexter, Robert R., Secy.,1 AS; Dryden, 
Hugh L., Dir.. NACA; Fairchild, Sherman M., Pres. & Board Chairman, 
Sherman Fairchild & Assoc.; Faneuf, Leston, Pres. & Gen. Mgr., Bell Aircraft 
Corp.; Ferguson, H. R., V-P, Thiokol; *Ferullo, H. A., Dir.—Programs, 
Bell; Fitch, Edward H., Gen. Mgr.—Sales, Aviation Products, The B. F. 
Goodrich Co.; Foss, Clifton T., V-P, American Bosch Arma Corp.; *Galer, 
Brig. Gen. R. E., Mgr., Engrg. Programs, Temco Aircraft Corp.; Gaty, John 
P., V-P & Gen. Mgr., Beech; Gibson, Ralph E., Dir., Applied Physics Lab., 
The Johns Hopkins Univ.; *Hall, N. 1., V-P & Dir., System Development 
Labs., Hughes Aircraft Co.; Healey, J. F., Dir—Marketing & Planning, 
Aero. Div., Minneapolis-Honeywell Regulator Co.; *Heller, D. M., Asst. 
Gen. Megr., Bendix Aviation Corp.; Hertzberg, Joseph M., V-P, Defense 
Marketing, Radio Corp. of America; Hibbard, Hall L., Sr. V-P—Energ., 
Lockheed; Hinmon, Donald L., V-P, Johns-Manville Sales Corp.; Hobel- 
mann, Alfred H., Asst. V-P, Aviation Div., Walter Kidde & Co., Inc.; Hazard, 
Donald M., Chief, Engrg. Operations, Pratt ® Whitney Div., United Aircraft; 
*Irvine, C. R., Asst. io V-P—Engrg., Convair, San Diego, A Div. of General 
Dynamics Corp.; *Jewett, R. H., Chief Engr., Pilotless Aircraft Div., Boeing; 
Jobe, J. B., V-P & Merchandise Mgr., Johns-Manville; *Johnson, R. L., 
Asst. Chief Missiles Engr., Douglas; Johnston, S. Paul, Dir., ] AS; Kartveli, 
Alexander, V-P—R&D, Republic; Knowles, Thomas A., Pres., Goodyear 
Aircraft Corp.; Kuhrt, Wesley A., Chief Research Engr., Research Dept., 
United AircraftCorp.; *Kuska, Milt, Chief Missile Flight Test Engr., Northrop 
Aircraft, Inc.; Laird, Alton W., V-P—Govt. Relations, The New York Air 
Brake Co; Lansing, Raymond P., V-P, Group Exec.,& Dir., Bendix; Learson, 
T. Vincent, V-P & Group Exec., International Business Machines Corp.; 
Levy, Lawrence, Pres., Allied Research Assoc., Inc.; *Lord, Glen R., Mer., 
Special Weapons Div., Bell; Main, Robert C., Megr., Electronics Dept., 
Hamilton Standard Div., United Aircraft; McCarthy, C. J., Board Chairman, 
Chance Vought; McClellan, Stephen A., Pres., Specialties, Inc.; McCreery, 
Frank E., V-P—Engrg., Rohr Aircraft Corp.; Menke, John R., Pres., 
Nuclear Development Corp. of America; *Merrill, G., Dir.—Engrg., Guided 


A Convair Atlas missile being raised into position at its 
launching site. 


Missiles Div., Fairchild; *Metcalf, G. F., Gen. Mgr., Missile & Ord. Systems 
Dept., General Electric Co.; *Mieher, W. W., Chief Engr., Air Arm Div., 
Sperry Gyroscope Co.; Mock, Richard M., Pres., Lear; Newbold, F. Eugene, 
Jr., V-P & Gen. Mer., Fairchild Engine Div., Fairchild; Olson, Elden H., 
Dir., Aero. Engrg., Minneapolis-Honeywell; Paine, Joseph P., Mgr., Opera- 
tional Support System Dept., Martin; Pearson, Rear Adm. J. B., Jr., USN 
(Ret.), Corp. Dir., Develop. Planning, North American; Perkins, Charles K., 
V-P, Engrg., McDonnell; *Phillips, Major Gen. James F., USAF (Ret.), 
Staff Asst., AIA, Tech. Services; Place, Hermann G., Board Chairman, 
General Precision Equipment Corp.; Powers, Major Gen. Edward M., 
USAF (Ret.), Pariner, Powers and Mulligan; Powley, Richard A., Pres. & 
Gen. Mgr., Pesco Products Div., Borg-Warner Corp.; *Putt, Gladyn H., Exec. 
Asst. to V-P, & Gen. Mgr., Missiles Systems Div., Lockheed; Rohr, Fred H., 
Board Chairman, Rohr; Rosenberg, Paul, Pres., Paul Rosenberg Assoc.; 
Ross, Ira G., Exec. V-P & Dir., Cornell Aeronautical Lab., Inc.; Ryan, 
Joseph P., Staff Mem., IAS; Schoolfield, W. F., Asst. Chief Engr., Missile 
Technology, Chance Vought; Sears, William R., Dir., Grad. School of Aero. 
Engrg., Cornell Univ.; Sharp, Edward R., Dir., Lewis Flight Propulsion Lab., 
NACA; Shoults, D. Roy, Gen. Mer., Aircraft Nuclear Prop. Dept., G-E; 
Shrader, Welman A., Staff Mem., IAS; Smith, Donald W., Pres., Kearfott 
Co., Inc.; Sosnoski, Harry A., V-P, Olin Mathieson Chemical Corp.; Speak- 
man, Edwin A., Mgr.—Planning, Defense Electronic Products, RCA; Sperry, 
Elmer A., Jr., V-P, Sperry Products, Inc.; Stanley, Robert M., Pres., Stanley 
Aviation Corp.; Starke, George S., V-P; Sperry Gyroscope Co., Div. of Sperry 
Rand Corp.; Stout, Ernest G., Asst. Mgr.—Washington Office, The Ralph 
M. Parsons Co.; Tilgner, Charles, Jr., Chief Aero. Engr.,Grumman; Walter, 
Don L., V-P—Engrg. & Van Nuys Operations, Marquardt Aircraft Co.; 
Wells, Edward C., V-P—Energ., Boeing; Wiley, G. T., V-P & Gen. Mar., 
Cocao Div., Martin; Willis, Clifford E., Corp. V-P, Cleveland Pneumatic 
Industries, Inc.; Woodward, Harper, Aviation Adviser to Pres., Rockefeller 
Brothers, Inc.; Zoike, Helmut, Siaff Specialist, Servomechanisms, Inc. 


* Member of AIA Guided Missiles Committee. 


(Left) This recording optical tracking instrument, 
known as ROTI, has dual sighting telescopes 
and is capable of taking close-up pictures of 
ballistic missiles in early stages of flight, even 
though the camera is located 30 miles from the 


launching site. 


(Right) Four of these giant 60-ft. wide rotating 
antennas, mounted on 38-ft. steel towers, are 
capable of tracking any ballistic missile along 
the entire 5,000 mile test range with a moder- 
ate amount of overlap. Five such compo- 
nents, called TLN-18 Automatic Tracking Tele- 
metry Antenna, are being built for AFMTC by 
Radiation, Inc., of Melbourne, Fla. 
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HOW ELEVATED-TEMPERATURE MAGNESIUM ALLOYS 
HELP BOMARC KEEP FIGHTING WEIGHT 


Approximately 230 Ibs. of magnesium is used in the airframe 
of the Bomarc, powerful surface-to-air missile. And for good 
reason: In each case, the specific application called for light 
weight and retention of strength, rigidity and other properties 
at elevated temperatures. The logical choice was sheet, extru- 
sions or castings of elevated-temperature magnesium alloys. 


EXAMPLES: 

sopy. The body skin and doors of both nose and aft sections 
utilize 103 Ibs. of HK31A sheet and castings. Resultant 
weight savings were 23 lbs., including a net reduction of 6 
Ibs. by using a magnesium casting for a door frame structure. 


YOU CAN DEPEND ON 
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WING, FIN AND TAIL. 111 Ibs. of HK31A sheet were used in the 
wing, elevators and elevator stubs, fin and rudder. All lead- 
ing and trailing edges of control surfaces for wings and fin 
are HM31XA extrusions. Here another 8 lbs. were saved by 
using an elevated-temperature magnesium alloy. 


These are but a few instances of how precious weight was 
saved in the Bomarc. For more information about the use 
of magnesium alloys in aircraft, rockets and missiles, contact 
the nearest Dow sales office or write directly to us. THE DOW 
CHEMICAL COMPANY, Midland, Michigan, Department MA 
1407G-1. 
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Bristol’s U.S. Subsidiary 
New Corporate Member 


The Bristol Aeroplane Company (U.S. 
A.), Inc., a subsidiary of The Bristol Aero- 
plane Company, Limited, of England, has 
become a Corporate Member of the In- 
stitute. 

The firm’s objective is to sell Bristol 
products and to promote business of the 
Bristol Group in this country. Other 
leading subsidiaries are Bristol Aircraft, 
Limited, and Bristol Aero-Engines, Lim- 
ited, both of Filton, Bristol, England. 

The firm reports that it has orders for 
80 Britannias, a 400-m.p.h. transport of 
180,000 Ibs. gross weight with a 139-pas- 
senger seating capacity. Bristol also 
manufactures two helicopters—the Type 
171 Sycamore and Type 192—and the 
Bloodhound surface-to-air missile. 

Other products of the company are 
plastic drop tanks, aircraft radomes, high- 
pressure gas storage vessels, and rocket 
motor tubes. 

Bristol engines in production are the 
Proteus turboprop, Olympus turbojet, 
Orpheus turbojet, and the Thor ram-jet. 
The Hercules 14-cylinder and the Cen- 
taurus 18-cylinder radial engines are still 
being produced. 


Army Helicopter Pilot 
Wins Flight Test Fellowship 


An Army helicopter pilot, honored 2 
years ago for his flying skill, has won the 
Institute’s 1958 Flight Test Engineering 
Fellowship. 

lst Lt. Henry B. Grudberg, 27, will be- 
gin graduate studies at Princeton Uni- 
versity next September after he is sepa- 
rated from the Transportation Research & 
Engineering Command. He is Project 
Engineer, Helicopter Section, Aeronauti- 
cal Research Branch. 

In 1956, Lieutenant Grudberg received 
a Flight Safety Foundation Certificate of 
Merit for skillful flying and superior per- 
formance of duty. This was for making 
hazardous helicopter flights into a chasm 
of Grand Canyon after the in-flight colli- 
sion of two airliners. 

He is an IAS Asssociate and was a Stu- 


Ist Lt. Henry B. Grudberg 


Hugh C. Judge — Idea Man 


A new Aero/ Space Engineering feature 
on personnel of the Institute of the 
Aeronautical Sciences 


If the ‘“‘look’’ of IAS publications re- 
flects the talents of any single member of 
the IAS staff, the vote would certainly go 
to Hugh C. Judge. 

For Hugh is the layout artist whose 
ideas, planning, and sense of proportion 
and design play a major role in every pub- 
lication—pamphlets to magazines, tech- 
nical or promotional—published by the 
IAS. The outstanding example of his 
work is the new AERO/SPACE ENGINEER- 
ING, which last month replaced AERO- 
NAUTICAL ENGINEERING REVIEW as the 
official monthly publication of the In- 
stitute. 

Hugh is Business and _ Production 
Manager of all Institute publications. It 
is a job demanding a grasp of current 
trends, up-to-date knowledge of cost ac- 
counting procedures, business promotion 
practices (tried and untried), ways and 
means to save money for advertisers in 
AERO/SPACE ENGINEERING, and it fairly 
shouts for overtime. 


Engineered the New Look 


This latter commodity flowed un- 
stemmed while the many operations in- 
cidental to changing the name, design, and 
format of our “‘old’’ REVIEW were carried 
out. 

Judge was directly responsible for the 
many details in the planning and handi- 
crafting of what may be destined to go 
down in history as the most unusual pro- 
motional effort in IAS annals. This was 
the buying, building, packaging, and dis- 
tributing of rocket-satellite models, 1,000 
of which were delivered by hand to firms 
in the Aero/Space Industry to announce 
AERO/SPACE ENGINEERING. 


An IAS Veteran 


Hugh Judge, who believes that good lay- 
out is the ‘“‘result of the application of the 
seat of the trousers to the artist’s stool,” is 
one of the IAS “‘old-timers.’’ He first 
came to the Institute in August of 1940 as 
aide to the Secretary. Two years later, he 
became Secretary to the Manager of the 
AERONAUTICAL ENGINEERING REVIEW and 
was responsible for advertising production. 

For 3 years, Hugh served overseas with 
the 316th Air Depot Squadron, the 100th 
Airdrome Squadron, and the 910th Air 
Engineering Squadron, attached to the 8th 
and 9th Air Forces. He returned to the 
IAS early in 1946 and after several pro- 
motions assumed his present post in Jan- 
uary, 1957. 

During this period, he made time for the 
study of Art and Advertising Design and 
Layout with the Art Students League, the 
study of Art at the New School for Social 
Research, and Advertising Administration 
through the Advertising Club of New 
York. 


He is a native New Yorker, born on 
Christmas Day in 1920 to Mrs. Frederick 
B. Judge and the late Mr. Judge. His 
early years were spent in Jamaica, L.I., 
and he attended Richmond Hill High 
School. Now living in Rego Park, N.Y., 
he is married to the former Miss Elda 
Schiaroli, of Waterbury, Conn.—A.B. 


dent Member at the University of Cin- 
cinnati where he studied aeronautical en- 
gineering. He was an Engineering Aide 
at Chase Aircraft Co. and Wright Air 
Development Center while in college. 
He also worked as a Project Engineer for 
Burton-Rodgers, Inc. 


Lt. Grudberg has been a rated Army 
Aviator in fixed- and rotary-wing aircraft 
since 1955. Married and the father of 
three children, he makes his home at Ash- 
land, Ky. 

The Fellowship is worth $4,700, provid- 
ing tuition and stipend for 2 years of study. 


Necrology 


Kenneth S. M. Davidson 


The Institute has received word of the 
death on March 19 of Kenneth S. M. 
Davidson (F), who had been Chief Scien- 
tific Adviser, Supreme Headquarters, 
Allied Powers in Europe. He died in 
Paris in his 60th year. 


An internationally recognized authority 
on fluid dynamics, Dr. Davidson in 1935 
established the Experimental Towing 
Tank, Stevens Institute of Technology, 
Hoboken, N.J., to experiment with sailing 
yacht designs. 

He tested models for some of America’s 
leading racing yachts including Stormy 
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Kenneth S. M. Davidson 


Weather, winner of the 1935 trans-Atlantic 
race, in which he sailed. Harold S. 
Vanderbilt’s Ranger was one of the results 
of the towing-tank findings. 

During World War II, the tank was used 
to test naval vessel designs and seaplanes 
including the recent Martin SeaMaster. 
Dr. Davidson’s 23 years at Stevens pro- 
duced new techniques for testing designs 
and is credited with the hydrodynamics 
research which opened the way for the use 
of small towing tanks and models as re- 
search instruments. 

Besides Fellowship in the IAS, he holds 
many other outstanding honors including 
the first Joseph H. Linnard Prize and the 
Gold Medal and President’s Award of 
the Society of Naval Architects and Ma- 
rine Engineers. 

At SHAPE, Dr. Davidson conducted 
research for the application of nuclear 
energy for powering seaplanes. He was 
lecturing at Istanbul Technical University 
in Turkey prior to his death. 

A native of Buffalo, N.Y., he was a 
pilot in the Army Air Corps during World 
War I. He was graduated as a Mechani- 
cal Engineer from Massachusetts Institute 
of Technology in 1919 and was Chief 
Engineer, Crosby Steam Gage and Valve 
Company, from 1923 to 1930. 


William A. Gatehouse, Jr. 


The Institute has learned of the death 
of William A. Gatehouse, Jr. (A), a Pro- 
pulsion Engineer for Grumman Aircraft 
Engineering Corporation. Mr. Gatehouse 
died March 22. He was 25. 

Born in Brooklyn, N.Y., he was gradu- 
ated from The Academy of Aeronautics in 
1955 and had been an IAS Student Mem- 
ber. He joined Grumman after gradua- 
tion. 

Mr. Gatehouse had been President of 
the Grumman A Capella Choir. 


Sigmund J. Lorenz 


The Institute has received news of the 
death of Sigmund J. Lorenz (A), on 
November 26, 1957. He was 40. 

Mr. Lorenz had been a Designer for 
Piasecki Aircraft Corporation. A native 
of Newark, N.J., he attended Casey Jones 
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School of Aeronautics from 1936 to 1941 
and was a graduate of the Aeronautical 
Engineering Course. 

He began his professional career as a 
Draftsman in the Engineering Depart- 
ment of The Martin Company. He 
joined Republic Aviation Corporation in 
1947 as a Title “A”? Layout Draftsman 


ias News 


and later the same year went to Chase 
Aircraft Company where he designed 
ramp, cargo door, and landing gear com- 
ponents for C-122 and C-123 aircraft. 

In 1949 he joined Vertol Aircraft Cor- 
poration where he designed installation _of 
antisubmarine equipment for the Hup and 
the cockpit floor structure for the H-21. 


News of Members 


Sherman E. Crites (M) has been named 
Manager of Marketing, Small Aircraft 
Engine Department, Aircraft Gas Turbine 
Division, General Electric Company. His 
former position was Department Manager 
of Preliminary Design. 

Frank W. Crook (M), formerly Lieu- 
tenant Commander and Aircraft Main- 
tenance Officer, U.S.S. ‘Franklin D. 
Roosevelt,” is now with Sanders Associ- 
ates, Inc., Nashua, N.H., where he is 
Product Manager of the Systems Market- 
ing Division. 

Lieut. John E. Draim, USN (M), has 
been assigned to the Missile Test Division, 
Naval Air Missile Test Center, Point 
Mugu, Calif. He formerly was assigned 
to VF-73 which has been decommissioned. 

Major Robert E. Galloway, Sr. (M) 
has been named Chief, Radio Division, 
U.S. Army Southeastern Signal School, 
Fort Gordon, Ga. He formerly was Chief, 
Guidance Development Section, Signal 
Aviation Test Detachment, Fort Rucker, 
Ala. 

Frederick W. Howells (M) has been 
appointed Manager of the newly created 
Military Products Division, The Singer 
Manufacturing Company. Mr. Howells 
formerly was Manager, Military Sales, 
North American Aviation, Columbus 
Division. 


Felix Kallis (AF) has been promoted 


W. G. Lundquist (F) has been retained by 
Reaction Motors, Inc., as Technical Consultant 
and Adviser on the Pioneer rocket engine. He 
had been Vice-President, Engineering, for all 
divisions of Curtiss-Wright Corporation. 
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from Engineer-in-Charge to Supervisor, 
Components Test Laboratory II, Pro- 
pulsion Field Laboratory, Rocketdyne, a 
Division of North American Aviation, 
Inc., Canoga Park, Calif. 

R. J. Kiernan (A), formerly Sales En- 
gineer, Norden-Ketay Corporation, has 
joined the West Coast Sales Engineering 
staff of The Weatherhead Company, 
Aviation Division. 

Robert D. Lanning (M) has joined the 
Small Aircraft Engine Department of 
General Electric Company, Lynn, Mass., 
as Installation Engineer on the T64 
Project. He formerly was Power-Plant 
Staff Engineer, Vertol Aircraft Corpora- 
tion. 

Julius Lukasiewicz (AF), formerly 
Head, High-Speed Aerodynamics Labora- 
tory, National Aeronautical Establish- 
ment, Ottawa, Canada, is now Chief, Gas 
Dynamics Facility, Arnold Engineering 
Development Center, Tullahoma, Tenn. 

Capt. Grayson Merrill, USN (Ret.), an 
Associate Fellow of the Institute, has been 
appointed General Manager, Fairchild 
Engine and Airplane Corporation, Guided 
Missiles Division. He joined Fairchild as 
Director of Engineering last year after 
retiring from the Navy. 

Vincent Moore (M) has joined Hamilton 
Standard Division, United Aircraft Cor- 
poration, as Chief of Design. He formerly 

(Continued on page 121) 


George L. Haller (AF) has been elected a 
Vice-President of General Electric Company. 
Mr. Haller is General 
Electronics Division. 


Manager, Defense 


} 
| 
| 
| 
to 
ear’ 
the 
the 
Ek 
198 
pla 
neé 
tel 
the 
an 
on 
on 
in 
re 
ti 
U 
gt 
te 
: 
— 
: 


Chase 
signed 
com- 


Cor- 
ion_of 
p and 
21. 


Visor, 

Pro- 
ne, a 
tion, 


En- 
has 
ring 
any, 


DATELIN 


| 
| 


U.S.S.R. Using New Method 
to Photograph Earth Satellites 


@ A new method for photographing an 
earth satellite has been announced by 
the Soviets. According to an item in 
the Russian newspaper Promyshlenno- 
Ekonomicheskaya Gazeta for February 2, 
1958, the method utilizes an oscillating 
plate which has been adapted by engi- 
neer Maksutov to the large meniscus 
telescope in use at an observatory near 
the city of Alma-Ata. 

The original meniscus telescope makes 
an unbroken line of the satellite’s track 
on the photographic record. The oscil- 
lating plate breaks the satellite’s track 
on the photographic record at given 
intervals of time. These intervals are 
registered synchronously by an oscilla- 
tion detector of the highest precision. 
Using this device, three perfect photo- 
graphs of the second satellite were ob- 
tained by observers at the end of Janu- 
ary when the satellite passed over the 
city of Alma-Ata. These new photo- 
graphs make it possible to determine the 
visible positions of the satellite with a 
precision greater than one thousandth 
of a degree, and the time of its crossing 
to thousandths of a second. 

The unique method for photographing 
earth satellites was developed by the 
Astrophysical Institute of the Academy 
of Sciences of the Kazakh $.S.R. Sat- 
ellite observations are made from an 
observatory located on a high mountain 
in the Zailiskiy Ala Tau close to Alma- 
Ata. 


Czechs Planning 
Second Research Reactor 


@ The Czechs have announced plans 
for a second research reactor (their first 
is now in operation at 2,000 kw.) and 
for a cyclotron and corresponding lab- 
oratories at the School of Nuclear Phys- 
ics and Nuclear Technology of the Univ- 
ersity of Prague. Plans and prepara- 
tory work are to be completed by 1959 
and building operations started in 1960. 
Total cost is estimated at 100 million Ke 
(about $14 million). 

Also, the Czechoslovakian News 
Agency recently announced the estab- 
lishment of a separate department for 
research in fissionable nuclear fuels at 
the Institute of Metallurgy and Foundry 
Technology at Ceteka. 


Radioactivity Deterrent 
Is Discovered by Japanese 


@ In the February 7, 1958, issue of the 
Japanese newspaper Mainichi, it was 
reported that at the Japan Isotope 
Conference being held in Tokyo, Dr. 
Yoshio Yamada of Kyushu University 
reported that a piece of montmorillionite 
(a soft hydrous aluminum silicate clay 
found in Ariake Bay, Kyushu) is highly 
effective for taking out radiation con- 
tamination. Dr. Yamada disclosed 
that when a piece of this clay was put in 
water contaminated by nuclear explo- 
sions, the montmorillionite promptly 
absorbed the radioactive elements, leav- 
ing the upper part of the water perfectly 
clean. 

Left unanswered are such specific 
questions as: Could this material be 
used for shielding purposes? What is 
the exact physical state and chemical 
composition of the clay? How exten- 
sively could it be used for peaceful appli- 
cations in nuclear energy? 


Specific-Purpose Resins 
Being Tested in West Germany 


@In efforts to develop plastics with 
improved thermal properties, West 
German scientists at the Uerdingen 
works of Farbenfabriken Bayer A. G. 
place great emphasis on reacting car- 
bonic acid with multivalent aromatic hy- 
droxy compounds to yield polycar- 
bonates. Some of the important proper- 
ties of the new resins are (1) melting point 
between 150° and 300°C. (depending on 
the dihydroxy compound used); (2) out- 
standing resistance to continued heating 
(even over 300°C.) without decomposi- 
tion; (3) no deleterious effects from 
sunlight, weathering, soil microorgan- 
isms, or atmospheric oxygen (even. at 
elevated temperatures); and (4) an ex- 
tremely low water absorption. As in 
polyamides, polycarbonate film can be 
orientated, thereby increasing the tensile 
strength from 820 to 1,400-1,700 kg./ 
cm.?, with only a slight decrease in 
mechanical strength up to 100°C. 

The parent company at Bayer is test- 
ing the suitability of the new resins for 
various uses. Although other poly- 
mers exist which could be substituted 
for use at the mentioned temperatures, 
the polycarbonates are considered highly 
desirable for certain specific purposes. 
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Engineering and Scientific Briefs from Correspondents Around the Globe 


Transistorized Computer 
Is Announced by Soviets 


@ A late January Soviet newspaper re- 
lease reports the development of a 
completely transistorized miniature elec- 
tronic computer which weighs 100 Ibs., 
uses no electronic tubes, and consumes 
less than 200 watts of power. 

The new computer, designated the 
MN-10, is evidently the latest in a series 
of analog computer types which have 
been made available to the Soviets. It 
is half the size of a small desk and can 
solve in 100 sec. problems which would 
take a mathematician a month’s hard 
work. 

This is a significant development, with 
respect to both the miniaturization and 
the transistorization features. How- 
ever, in the United States, desk-size 
analog computers have been available 
for some time, and much work has been 
done on transistorization of computers. 


Japanese Jet Trainer 
Makes First Test Flight 


@ The Japanese jet trainer TIF-2 per- 
formed its initial test flight on January 
12, according to an announcement by 
Fuji Heavy Industries. The company 
claims that the entire flight perform- 
ance exceeded theoretical calculations. 
It is understood, however, that the de- 
sign performance was based on the 
Japanese-designed 2,640-lb.-thrust J.03 
engine, rather than on the 3,960-lb.- 
thrust British Orpheus engine, which 
was installed. 

Although the time-to-climb was not 
recorded, the TIF-2 climb was report- 
edly much superior to the performance 
of the accompanying T-35 chase plane. 
The following data were released on the 
flight: take-off, 9,440 r.p.m.; take-off 
run, 270 m. (885 ft.); and maximum 
altitude flown, 20,000 ft. 

The TIF-2 is a two-seat, low-wing 
monoplane, planned as an intermediate 
jet trainer. It has a design cruising 
speed of 270 knots at 18,000 ft. and a 
maximum speed of Mach 0.9. The 
Japanese Air Self Defense Force expects 
to receive the first production models by 
mid-1959, according to report. The 
aircraft presumably will replace the T-6 
in the training cycle of those pilots 
destined to fly F-86’s. 
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are your plans 
as precise 
as your planning? 


The proof of the planning is in the finished plans. 
That's why you're smart to use Eagle TURQUOISE 
—the pencil that tops ‘em all for reproduction. 

Look what it gives you: Uniform grading (17 scientific 
‘formulas guarantee exactly the blackness you want 
—from every pencil, every time!). A strong non-crumbling 
needle point that stays sharp for line after long line 

of unchanging width. Inimitable smoothness 

—thanks to Eagle's exclusive “Electronic” 
graphite—TURQUOISE makes your / 
plans look sharp—and you, too! 


WRITE FOR FREE SAMPLE: Turquoise wood 
pencil and Cleantex Eraser, naming this 
magazine—or buy any of these drawing 
instruments from your favorite dealer. 


EAGLE “CHEMI * SEALED” TURQUOISE DRAWING 


@ TURQUOISE CLEANTEX ERASER: @ TURQUOISE DRAWING LEADS: Fit any standard holder. Grades 5B through 9H. 
Super-soft, non-abrasive rubber. 


Mane usa EAGLE TURQUOISE 3379 


@ TURQUOISE LEAD HOLDERS: Hold any grade of Turquoise lead—so firmly that lead cannot be pressed back. 


EAGLE 'TURQUOISE 2 
are the largest-selling in the United States! 


EAGLE PENCIL COMPANY + NEW YORK + LONDON + TORONTO + MEXICO + SYDNEY «© BOGOTA 
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NEW! 


Bendix Canistered Inverters, envi- 
ronment-free and completely 
sealed, are now in production for 
the Atlas and Thor missiles. 
Designed ‘for dependable and effi- 
cient operation, Bendix Canistered 
Inverters are completely sealed 
against the effects of altitude and 
can withstand conditions from 
sea level to outer space. 

Cooling techniques employed 
enable these units to provide 
full-rated output throughout the 


Red Bank Division 


flight without external cooling. 
Both voltage and frequency regu- 
lation are accomplished by static, 
magnetic amplifier-type regula- 
tors. Since these regulators have 
no moving parts, output voltage 
and frequency are not affected by 
vibration and shock. The total 
harmonic content of the output 
voltage per phase is less than 5%. 

Bendix Canistered Inverters are 
the product of years of develop- 
ment and experience in manufac- 


BENDIX CANISTERED INVERTERS 


Withstand the Effects of Temperature, Vibration 
and Acceleration at Blast-off and Will Function 
Perfectly at Any Altitude, Including Outer Space 


turing electrical power equipment 
for aircraft and missiles. They are 
engineered to meet the strenuous 
requirements in performance and 
reliability called for in today’s 
(and tomorrow’s) missiles. For 
more detailed information write 
tO RED BANK DIVISION OF BENDIX 
AVIATION CORPORATION, EATON- 
TOWN, NEW JERSEY. 


West Coast Sales and Service: 117 E. Providencia 

Ave., Burbank, Calif. Canadian Distributor: Aviation 

Electric, Ltd., P. O. Box 6102, Montreal, P. Q. Export 

Sales and Service: Bendix International Division, 205 
E. 42nd St., New York 17, N. Y. 


AVIATION CORPORATION 
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Guest Editorial 


A Condensation of 

General Gregory’s Opening Remarks 
at the Second Annual 

AFOSR Astronautics Symposium 

Joint Sponsorship, IAS 

Denver, Colo., April 28, 1958 


Brig. Gen. H. F. Gregory 

IAS Associate Fellow 

Commander 

Air Force Office of Scientific Research 

Air Research and Development Command 
United States Air Force 


Realm of the Airman — Unbounded | 


By Brig. Gen. Hollingsworth Franklin Gregory 


= we are witnessing a transition from jet aircraft to the 
missile, from atmospheric flight to extra-atmospheric flight, and from hyper- 
sonic speeds to those of almost fantastic proportions. I do not believe 
that there will be any dramatic breakthrough in the state of the art that will 
convert our existing Air Force into a space force relatively overnight. But I 
do believe that the extremely critical transition to astronautical operation 
can and must be expedited by increasing the stockpile of fundamental 
knowledge that can be applied to the problems of development that this 
transitional period in aviation history now imposes upon us. Without a 
stockpile of new knowledge on which to draw, weapons become obsolete, and, 
without a free flow of information throughout the scientific and engineering 
community, the results of research are ineffective and incapable of applica- 
tion. 

The past half century of exploration in the use of the earth’s atmosphere 
has been but a forerunner to that larger adventure—the investigation of 
space and the application of new knowledge for human progress. Airmen 
share fully in the contention that outer space should be reserved for peaceful 
purposes, and we look forward to the day when astronautical research can 
have as its unique by-product peaceful applications. 

However, this long-range objective must be tempered with reality. An ag- 
gressor can turn the exploration of space to military use and pose a new and 
even more serious threat to our national well-being. The hard, cold facts of 
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Soviet technical growth and capability make it impera- 
tive that we attain the capability to control the space 
about us until the day when the entire world shares 
our objective of peace. 

The Air Force Office of Scientific Research is one of 
the subordinate agencies of the Air Research and De- 
velopment Command—a major command of the U.S. 
Air Force. Our mission is one of fundamental, theoreti- 
eal or experimental investigation to increase man’s 
knowledge and understanding of the natural world and 
to recognize the implications of new scientific knowledge 
upon weapon system concepts. Our capability to carry 
out this mission is represented by a large body of scien- 
tists, working under contract in universities, in indus- 
try, in foundations, and in Government agencies. 

This is a task which requires foresight and judgment, 
but perhaps it is the most challenging because it shares 
in the natural urge of man to know and understand the 
world about him. The horizons of our curiosity and our 
imagination have the infinity of space. However, as 
military men, we have as our objective to keep ourselves 
immersed in the reality of where we are, as we try to 
reach the goals that our imaginations set for us. We 
must keep a perspective both of dreams and of reality 
so that our dreams can become real. 

We define our research program in AFOSR as one of 
exploratory research. In this connection, we consider 
basic and applied research to fall into two categories— 
supporting and exploratory. We define supporting re- 
search, basic or applied, to be requirement-oriented— 
for example, a question is to be answered or a problem is 
to be solved. In this respect, supporting research is 
solicited and directed in nature. On the other hand, ex- 
ploratory research, basic or applied, is considered that 
research conducted without a specific requirement—re- 
search oriented toward increasing the sum total of hu- 
man knowledge in Air Force functional areas. Ex- 
ploratory research is considered nondirected and un- 
solicited in nature. 

It is essential that during time of peace we maintain, 
whenever and wherever possible, a scientific lead over 
any would-be aggressor. Time is a precious commodity 
and the use of time wisely to enhance our technical 
capability through aggressive exploratory research is 
one of the best and cheapest investments I know in the 
security of our country. 

The scientist has expanded our knowledge to a re- 
markable degree. The rate at which he has made this 
expansion has caused us great optimism concerning 
future breakthroughs. But, regardless of how much 
we do know, there still remains a great amount that 


we must learn before we can conduct the space explora- 
tion that has been discussed so much of late. 

Future knowledge will stem from certain principles 
which have guided the airman in the past and which will 
continue to guide him in the future. The first of these 
is that there is a single continuum that surrounds the 
earth. Air and space are convenient ways of describing 
several parts of what really is a unified phenomenon. 
Any effort to define a dividing line between these two 
is so artificial that it should be apparent that we are 
talking of a single medium. Similarly, a distinction be- 
tween aeronautics and astronautics is a convenient way 
of describing specialized segments of one applied science 
that deals with the infinite realm of the airman. As we 
have achieved higher altitudes, longer ranges, and 
greater speeds, we have looked at each achievement as 
another step toward further progress. The airman has 
never rested on the attainment of any limited goal but 
has always kept the next step as a future goal to be at- 
tained. The key to such progress has always been new 
knowledge, pushing back the barriers imposed by the 
“state of the art.” 

In pointing out our vital need for new scientific 
knowledge, I am not being a skeptic or a pessimist. I 
am optimistic about the future, but, at the same time, 
I must sound the warning that we must be realistic in 
accomplishing the great deal of work that lies ahead. 

I believe that we, as Americans, can no longer enjoy 
a virtual hunting license in the area of scientific ex- 
ploration. It is open territory for any nation desiring 
to effect a scientific probe into the secrets of the uni- 
verse. Since the earliest days of mankind, civilization 
has progressed primarily through the minds of men in 
unlocking these secrets of the universe. Such secrets, 
however, are not of the kind we normally associate with 
a military operation. They are available to all men, re- 
gardless of the motivation that impels their discovery. 
They cannot be held as a private domain by security 
classification, nor can a sciéntific breakthrough by a 
would-be aggressor be rationalized as a security viola- 
tion, a compromise, or the taking of something that is 
rightfully ours. 

We can, however, join with other free nations in the 
building of scientific capital through accelerated, dy- 
namic, and farsighted exploratory research programs. 
The amount of knowledge in the storehouse, our ability 


to communicate this knowledge, and the timely and 


effective application to military hardware may well 
provide the means for preserving our democratic way 
of life and reaching our ultimate objective of peaceful 
astronautical exploitation. 
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Al present we are on the threshold of our greatest 
cosmological discoveries. 
will make tt possible for man to travel in outer space. 


In the near future the science of astronautics 


Astronautics will involve the detailed application of engineering, 
physics, and human factors in order to make manned space flight 


not only possible bul safe and reliable. 


Human Factors in Space Flight 


Eugene B. Konecci 


Douglas Aircraft Company, Inc. 


HuMAN CAPACITIES 


Max Is designed for life under moderate terrestrial 
conditions. The human is limited by his biologic 
make-up to a small range of external body environ- 
mental changes and to very restricted internal environ- 
mental deviations. Fig. 1 shows man’s relation to 
parts of the physical universe and portrays the limits 
of human senses and tolerances to selected environ- 
mental conditions. A detailed discussion about human 
capabilities and capacities is not possible in this paper. 
It should be evident from Fig. 1 that man needs artifi- 
cial aids to extend his scope of action in the universe— 
i.e., by using machines to increase his senses, capacities, 
strength, precision, and speed of performance—and a 
controlled environment for protection against con- 
ditions outside of his tolerance ranges. Man can sur- 
vive and function efficiently in outer space if he is 
provided with a hermetically sealed, self-contained 
compartment or space cabin.!~* 

Despite his limitations, man can never be fully re- 
placed by a machine. Given the proper information 
and environment, the human operators in a spacecraft 
can evaluate data, use inductive reasoning, arrive at 
decisions, and execute appropriate control actions to 
complete the space flight or salvage themselves and the 
vehicle in the event of an unexpected emergency. 


Space CABIN REQUIREMENTS 


Briefly, the requirements for a space cabin involve 
the following: 


(1) The cabin should be a hermetically sealed, self- 
contained compartment with built-in fail-safe precau- 
tions and provisions for self-sealing of leaks. 


Dr. Konecci is Head of the Human Factors Group at the Tulsa 
Division. = 
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(2) The space cabin should be considered as a 
separate unit isolated from the vehicle walls with ther- 
mal and acoustic insulation. The space vehicle wall 
should act as a bumper against meteoritic penetrations. 

(3) The whole space cabin should be considered as 
the escape capsule, although individual escape capsules 
could be provided. 

(4) The environmental unit (air conditioning and 
atmosphere control) should attempt to simulate and 
automatically maintain moderate terrestrial conditions 
of atmospheric pressure up to 14.7 psi; oxygen concen- 
tration about 30 per cent (+10 per cent) to maintain 
sea-level oxygen pressure at cabin pressures from 14.7 
to 8.29 psi—i.e., sea level to 15,000 ft.; nitrogen or 
helium concentration 70 per cent (+ 10 per cent); CO, 
concentration below 0.5 per cent; noxious fumes (body 
gases and other odors) kept below detectable levels—e.g., 
carbon monoxide from smoking, maximum concentra- 
tion 0.005 per cent; temperature 70°F. (+10°F.); and 
relative humidity, depending on the temperature, about 
35 per cent (+10 per cent). 

(5) The cabin should include facilities for feeding, 
washing, sanitation, sleeping, and recreation, designed 
to fit the restricted space in the cabin. 

(6) The cabin interiors should be comfortable and 
aesthetically pleasing and should have adequate light. 

(7) The work spaces, controls, and instrument 
panels should be engineered to ensure the maximum 
efficiency from the operators. 

(8) Equipment and component systems should be 
designed for ease of maintenance and repair while in 
flight. 


At the present state of the art, the construction of 
an airborne-type sealed cabin fulfilling the above re- 
quirements is considered feasible, and a research and 
development program to accomplish this has been 
recommended.» 
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Teams of aeronautical and human factors engineers 
will have major roles in the development of successful 
space cabins in which crews can exist for extended 
periods of time, without the hindrance of wearing 
pressure or space suits. Major David G. Simons’ 
record balloon flight to the space equivalent altitude of 
102,000 ft. was made in a sealed self-contained capsule. 
However, as a safety precaution, Major Simons wore an 
M3 partial pressure suit. In the 32-hour flight, he lost 
“several pounds due to prolonged exertion and dehy- 
dration in the pressure suit.’"* Major Simons noted 
reductions in his efficiency during the flight and at- 
tributed much of this to wearing the pressure suit. 

In the realm of space flight, the human factor prob- 
lems have to be anticipated and solved on the basis of 
the best available data. In view of the unknown 
factors in space, not only physical but physiological 
and psychological, the human factors specialists must 
strive for the optimum cabin environment for the 
astronauts. Compromises at the expense of the human 
should not be allowed unless the efficiency of the whole 
man-machine system is thereby improved. 


Spacemen of the near future will probably include 
highly trained scientists and technical observers, who 
may not be as physically fit as the military air crews of 
today. Therefore exposing such individuals to a sub- 
optimum environment would reduce or eliminate their 
usefulness on the mission. Pressure differential lower 
than 14.7 psi could be tolerated by acclimatizing the 
astronauts to the decreased barometric pressure or by 
increasing the oxygen content in the cabin to equal 
that at sea level. In the former case, it takes several 
weeks of residence at high altitudes to adapt physio- 
logically to the reduced oxygen pressure, and the ac- 
climatization is rapidly lost upon return to sea-level 
conditions. In the latter case, increases in oxygen con- 
tent in the cabin proportionately increase the fire hazard 
and virtually eliminate the possibility of smoking while 
on the space journey. 

Table 1 is a composite list of the possible human 
factor problem areas in space flight. A detailed dis- 
cussion of all the problems is not possible in this paper, 
and the following discussion includes only a few of the 
many important factors. 


TABLE 1 
Possible Human Factor Problem Areas in Space Flight 


PHYSIOLOGICAL 


HUMAN ENGINEERING 


PSYCHOLOGICAL & SOCIAL 


ACCELERATION & DECELERATION 
ACOUSTIC ENERGY EFFECTS 


AIR CONDITIONING 


Temperature & Humidity Control 


BOREDOM & CONFINEMENT 


ATMOSPHERE 


Oxygen (Hypoxia, Hyperoxia) 


CO, (Hypercapnia, Acapnia) 
Odors (Food, Body, Etc.) 
Noxious Gases (CO, Etc.) 


DAY — NIGHT ‘CYCLE 


DECOMPRESSION (Accidental or 


Intentional) 

Hypoxia 

Dysbarism (Decompression 
Sickness) 


DIET 
Nutritional Value 
Vitamins 
Minerals 


HYGIENE 
ILLNESS 


Disease 
Injury 


PHYSICAL FATIGUE 


RADIATION (Solar & Cosmic) 
Relative Biological Effectiveness 
For Kind Of Radiation, Dosage & 


Dose Rate. 
Somatic & Genetic Effects | 
Protective Drugs? 
Partial Body Shielding? 


TEMPERATURE & HUMIDITY 
Hyperthermia 
Hypothermia 
Hypochloremia 


WEIGHTLESSNESS 
Locomotion 
Vertigo 
Sleep 

WORK CAPACITY 
Lack of Weight 


Muscular Tone 
Exercise 


ATMOSPHERE CONTROL 
OQ, & No (Or Helium) Concentration 
& Storage 
CO, Absorption; Refrigeration, 
Chemical Photolysis, or Algae 
Odors, Activated Charcoal, Etc. 
Noxious Gases, Oxidation Etc. 
CONTROLS, SPACE VEHICLE & 
CABIN EQUIPMENT 
Automatic (Manual Override) or 
Manual 
EXTERNAL VISION 
Optical (Periscope) 
Pictorial Display 
FIRE HAZARDS 


GALLEY FACILITIES 
Food: Preparation, Storage, 
Refrigeration, Special 
Containers, & Utensils 


INSULATION (Acoustic & Thermal) 


INSTRUMENTATION 
Display; T.V., Radar, Etc. 
Communication; Radio, Etc. 
Servicing & Maintenance 
LEISURE & RECREATION FACILITIES 
LIGHTING & COLOR SCHEME 


CREW 
Requirements 
Selection Program 
Indoctrination Program 
Screening Program 
Training Program 
Task Analyses 
Work Schedule 
Work Performance 


DISORIENTATION 
Subjective (In Space) 
Objective (In Cabin) 

LACK OF PRIVACY 

MENTAL FATIGUE 


MOTIVATION 
Duty, Adventure, Etc. 
NEUROSES 
Anxiety 
Compulsion 
Conversion 
Expectation 
Sexual 
Homosexual, Etc. 


PERSONALITY CONFLICTS 
Prolonged Group Contact, 


PHOBIAS 
Claustrophobia, Etc. 


RADIATION SHIELDING PSYCHOSES 
Solar; U.V., Infra-Red, X, Gamma Depressive 
Cosmic; Mass Shieid Impossible, Manic — 

Electro-Magnetic? 

SAFETY & SURVIVAL EQUIPMENT, DEVICES tio 

Pressure Control; Decompression Meteoritic VIGILANCE 
Bumper Wall, Reserve Air & Oo, Space WEIGHTLESSNESS 
Suits, Compartmentation, Leak Detector Orientation 

Escape Capsule; Cabin or Individual Dreams 


Repair Facilities; Cabin Leaks, Equipment 
SANITATION FACILITIES 

Waste; Disposal, Storage or Decomposition 
WASH & LAUNDRY FACILITIES 
WATER RECYCLING & PURIFICATION UNIT 


Respiration, Perspiration, Urine & Wash 
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TABLE 2 TABLE 3 
Heat Production Per Day, From Rest to Heavy Work, es 
0.8 | .8 |.066| 19.2] 1.59| 134 |22.2 | 576 | 47.8 | 7008] 
CREW PRODUCTION PER DAY | 0.9 | .075 a: 139 in 12.5 648 | 53.8 7884) 654 
Number Kilocalories BTU ! 1.0 1.0 |.083] 2.0 | 1.99) 168 /13.9 720 | 59.8 8760| 727 
1.2 1.2 |.100| 28.8 | 2.39| 202 |16.7 864 | 71.7 | 10512] 872 
1.4 1.4 |.116| 33.6 | 2.79) 235/19.5 | 1008 | 63.7 | 12 1018 
1,500 5,954 
25000 7.938 0.8 4.0 |.332] 96.0 | 7.97] 672|55.8 | 2880 | 239 35040] 2908 
5 etn 2,500 9,923 0.9 4.5 |.375| 108 | 8.99] 756|62.9 | 3240 | 269 39420] 3280 
= x x 1.0 5.0 |.415| 120 | 9.96] 840/69.7 | 3600 | 299 43800| 3635 
3,000 11,907 1.2 6.0 |.498| 14% |11.95| 1008] 83.7 | 4320 | 359 52560] 4362 
3,500 13,892 1.4 7.0 |.581] 168 13.94] 1176 |97.6 | soso | 418 61320] 5090 
4,900 15,876 
7,500 29,768 — 
10,000 39,690 \CHEW| CO2 PART B_ CARBON DIOXIDE PRODUCTION RATES 
5 Men 12,500 49,613 No. | RATE per hour per day per week per month rT year 
15.000 59,535 Man/hr/ cu ft] lbs cu lbs | cu fu lbe cu ft cu 
17,500 69,458 0.7 +7 |.08 | 16.8] 1.9 Lend 13.5 soe 38 702 
0.8 -8 |.09 | 19.2] 2.2 | 134/15.6 57 7 802 
792380 0.9 9 |.10 | 2.6] 2.5 | 151 |17.3 648 7% 7884 | 903 
1.1 | .126| 26.4] 3.0 | 21.2 792 | 9636 | 1103 
1.3 1.3 |.149] 31.2] 3.6 | 25 936 | 107 11388 | 1304 
0.7 3.5 | 40 & | 9.6 | 588| 67 2520 | 288 30660 | 3510 
0.8 4.0 |.458| 96 |12.0 | 672] 77 2880 | 330 35040 | boiz 
5 0.9 4.5 1.52 | 108 |12.4 | 756| 87 3240 | 371 39620 | 4514 
1a 5.5 |.63 | 132 |15.1 | 926]106 3960 | 453 Lago | 5517 
eS 6.5 |.7% | 156 {17.9 | 1092 | 125 4680 | 536 56940 | 6520 
ALTITUDE ATMOSPHERE. YELociTy Me ACCELERATION 
eevee AGE IN | 
PS OECIBLES LBS/SOFT KNOTS MPH YEARS | 
x 480 st | } | 
10 | | | | (FOR “SEC 
| || | 
3 ' 44340 | | 
| +220} 24 
10+ 140 | 
Tk 
4 +-272 10 
| 
MOLECULAR) 


THE CHART DEPICTS MAN'S RELATION TO SELECTED PHYSICAL CONDITIONS AND INDICATES HIS LIMITATIONS. 
MOST LIMITATIONS ARE SHOWN AS AVERAGE FIGURES FOR EXTENDED EXPOSURES RATHER THAN EXTREME 
TOLERANCES FOR SHORT PERIODS. THE HUMAN IS DESIGNED FOR LIFE UNDER MODERATE TERRESTRIAL 
CONDITIONS. IN ORDER TO APPRECIATE AWD EXPLORE THE LAWS OF NATURE IN THE WORLD AROUND nim, 
MAN WEEDS ARTIFICIAL AIDS TO EXTEND HIS SENSES &ND PROTECT HIMSELF AGAINST ENVIRONMENTAL 
MAZAROS OUTSIDE OF AIS TOLERANCE RANGES. 


Fic. 1. Man in the physical universe. 
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CABIN ENVIRONMENT 


Temperature and humidity in the cabin can be con- 
trolled by air-conditioning units if a power source and 
a heat sink are available. In a complete vacuum, the 
temperature of a body is determined “‘solely by the 
exchange of radiation between the surface of the body 
on the one side and the radiation sources contained in a 
solid angle of 360° on the other.” The background 
of space can be considered as a radiation sink with the 
temperature of 0°K. (—273°C.). Space vehicles will 
need special radiating surfaces to dissipate excessive 
heat from equipment, components, and human bodies. 
The waste heat could be transferred to these radiating 
surfaces by an intermediate fluid.’ The surface cover- 
ing (white, black, or metallic) of a space radiator and 
its orientation with respect to the sun and earth will 
determine whether heat is added or removed from the 
system. A body in extraterrestrial space will tend to 
establish a state of radiation equilibrium with the 
two major radiation sources, the sun and the earth. 
The equilibrium temperature of a body in space will 
depend on the radiation emissivity and heat capacity 
of its surfaces and the flight path of the body which 
determines the duration of exposure to direct solar 
radiation and reflections from the earth or a combin- 
ation of both. 


The temperature in the cabin will depend on the 
effectiveness of the air-conditioning system, the thermal 
insulation, the thermal lag, the time of exposure to the 
two primary radiating sources (sun and earth), and the 
surface cover of the vehicle. The amount of heat pro- 
duced by the humans in the cabin cannot be ignored. 
Table 2 shows the heat production per day for a one- and 
a five-man crew, with daily caloric outputs from 1,500 
to 4,000 (large calorie or kilogram calorie). If we con- 
sider that 1 cal. is approximately 4 B.t.u., the average 
175-Ib. man using 3,000 cal. per day would give off about 
12,000 B.t.u. per day. The total of 3,000 cal. per day 
would include sleep, moderate work, leisure, and pro- 
gramed exercise. 

A significant amount of weight may be saved on long 
space flights if dehydrated food is used in conjunction 
with a recycling water purification system. Water 
lost through respiration, perspiration, urination, wash- 
ing, and laundry would be recovered and purified to a 
potable state. The water purification system with 
a few gallons of water per man would suffice for ex- 
tremely long space flights. Water content of fecal 
waste is small, and its recovery is not considered prac- 
tical. This fecal water loss will be more than replaced 
since the body produces water, in addition to carbon 
dioxide, during metabolism. Fecal waste will probably 
be stored in sealed plastic containers, although it could 
be (a) ejected overboard through a suitable airlock, 
(b) chemically or bacteriologically decomposed, or 
(c) incinerated. 

Man can survive for weeks without food, days with- 
out water, but only minutes without oxygen. The 
oxygen is needed by the body cells to support the com- 


bustion of food to energy in metabolism. Lack of 
oxygen in the air results in hypoxia. The 21 per cent 
oxygen at sea level exerts a pressure of 160 mm. Hg 
(103 mm. Hg in the lungs) and saturates about 95 per 
cent of the arterial blood. Any increase in altitude 
(decrease in 02 pressure) results in a lower oxygen 
saturation of the blood as illustrated by the following 
examples: 

At 8,000 ft. saturation is 93 per cent, but night vision 
is impaired and some EEG (brain wave) changes are 
noted. At 10,000 ft. saturation is 90 per cent; although 
no impairment of performance is detectable, headache 
and fatigue result after several hours. At 14,000 ft. 
arterial oxygen saturation equals 84 per cent resulting 
in an appreciable handicap—i.e., impaired judgment, 
euphoria, self confidence, disregard for sensory pre- 
ception, fine muscular incoordination, sleepiness, head- 
ache, dizziness, impairment of vision, gradual increase 
in heart rate and breathing, and some personality 
changes. At 18,000 ft. with saturation equal to 70 per 
cent, a serious handicap exists. At 23,000 ft., 65 per 
cent blood saturation, the time of useful consciousness 
is only 10 min. with possible death in 15 to30 min. The 
average time of useful consciousness for altitudes above 
22,000 ft. are as follows: 25,000 ft., 5 min.; 28,000 ft., 
2'/. to 3 min.; 30,000 ft., 1!/2 min.; 35,000 ft., 1/2 to 
1 min.; 40,000 ft., about 15 sec.; and for altitudes 
above 52,000 ft., about 12 sec. 

In space flight the amount of oxygen needed depends 
on the oxygen consumption rate and the duration of the 
flight. Part A of Table 3 lists five different O2 consump- 
tion rates and gives the amount of O, used for different 
flights in cubic feet and pounds for a one- and a five-man 
crew. The average man of 175 lbs., using 3,000 cal. per 
day, would use about 1.0 cu.ft. per hour or about 2 Ibs. 
of oxygen per day. As QO: is consumed, carbon dioxide 
is being liberated. Part B of Table 3 shows the pro- 
duction of CO, by different rates and times. The 
average 175-lb. man considered above would liberate 
about 0.9 cu.ft. per hour of CO: for each 1.0 cu.ft. per 
hour of oxygen used. Therefore approximately 2.5 Ibs. 
of CO: would have to be removed from the cabin 
atmosphere per day. 

Initially stored oxygen can be used to supply the 
needed oxygen for trips of a few months’ duration. 
Flights lasting 1 or more years would require a system 
of converting carbon dioxide back to oxygen. On the 
earth, photosynthesis is the natural way of producing 
oxygen from CO, and in addition supplies plant food 
for animal consumption. 

For long space flights, use of green algae as gas ex- 
changers has been suggested.*® The large volume of 
200 liters (440 lbs.) of algae (chlorella) suspension 
needed to produce food and purify the air for each man 
—in addition to the weight, large illuminating surface, 
power requirements, and heat dissipation of such an 
algae system—makes it impractical’ for flights of less 
than 5 months’ duration. There are other difficulties 
with the algae system. The culture media require 
strict control in reference to temperature, nitrogen 
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TABLE 4 
Theoretical Calculations* of Decompression Times and Rates of 
Change of Air From a 500-cu.ft. Cabin in Space With a 1-sq.in. 
Meteorite Hole 


a CABIN AIR _ TIME FROM THE 
ALTITUD® PRESSURE Enclosed | Rate of weight change BEGINNING OF 
weight DECOMPRESSION 
= in Ft in psi in lbs lbs /sec 1ds/min in_ seconds 
Sea level 14.7 37.5 2520 31.20 | 0 
5,000 2.23 31.2 25.98 13.1 
| 7,000 11.33 28.9 401 24. 06 18.9 
9,000 10.49 26.7 2371 22.26 24,2 
12,000 9.34 23.8 19.86 | 92.5 
15,000 6.29 a.l 2290 17.40 41.2 
20,000 6.75 17.2 2239 55.9 
25,000 5.45 13.9 193 11.58 1.5 
30,000 4.36 11.1 01 54 9.24 87.5 
40,090 2.72 6.9% 5.76 12.5 
50,000 1.69 4.30 20598 3.59 156.0 
60,000 1.05 2.67 ; 00372 2.23 190 
70,000 0.649 1.65 ! -0230 1.38 225 
80, 0.403 1.03 358 259 
90,0v0 0.250 0.638 | -0 89 293 
100,0v0 | 0.150 0.395 -0055 0.336 324 
200, Ov») | 0.0046 0.0117 0002 0.012 580 


* An isothermal condition was assumed in the calculations be- 
cause of the slow rate of decompression and continued control of 
temperature by the air-conditioning system in the space cabin. 
Integrations involving the cabin temperature variations indicate 
an error of less than 1 per cent if the temperature is assumed to 
remain constant. The coefficient of the orifice was considered 
as 1.0. 


balance, bacterial contamination, mineral constituents, 
and amount of radiation. It is possible that a compact 
reliable system may be developed in the future. 

Initially carbon dioxide removal will probably be 
accomplished chemically. This can be done by using 
the oxide of an alkali metal. Lithium oxide (Li,O) is 
the most economical CO, absorber in terms of weight— 
i.e., 700 gm./man/day for CO, alone and 840 gm./man/ 
day for CO, and water removal. Lithium oxide plus 
CO, gives lithium carbonate. Regeneration of the 
lithium carbonate back to the oxide is not considered 
practical because of the amount of heat necessary for 
the conversion.’ Calcium oxide appears to be a more 
promising CO. absorber since it can be regenerated. 
The calcium bicarbonate can be heated to form the 
carbonate and release CO:. The calcium carbonate 
heated further (about 900°C.) releases more CO, and 
forms calcium oxide. 

Carbon dioxide can also be decomposed photochem- 
ically, with the formation of some oxygen, by the use of 
ultraviolet radiation and a catalyst.’ Experiments 
have shown that 15 per cent CO. was decomposed and 
9 per cent 02 produced after 90 min. of ultraviolet radia- 
tion with metallic copper as the catalyst. Carbon 
dioxide photolysis research has to be continued to de- 
termine the exact photochemical reaction(s) before a 
practical system can be developed to utilize the free 
ultraviolet radiation in space to decompose respiratory 
carbon dioxide and return some of the oxygen back to 
the cabin atmosphere. 
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Test-tube photosynthesis would solve the astronaut’s 
oxygen, carbon dioxide, and food problems. Photo- 
chemists are attempting to simulate the complex proc- 
ess with and without chlorophyl. However, a com- 
pletely artificial chemical photosynthetic system is far 
from a reality. 


DECOMPRESSION 


Now we shall touch upon what Professor Strughold? 
terms ‘‘the Achilles’ heel of the sealed cabin vehicle’’— 
that is, the decompression event. Factors which de- 
termine the rate and extent of decompression in space 
are (a) the volume of the pressure compartment, (b) the 
surface area of the orifice, and (c) the pressure differen- 
tial. In case of structural failure, tear in the skin, or 
perforation of the cabin wall by a meteorite, the atmos- 
phere in the cabin will escape into the vacuum of space. 
If the hole is large enough, decompression will be rapid 
—longer than 1 sec.—or explosive—shorter than 1 sec. 

Any body in space is exposed to possible collision 
with meteoritic particles. Meteorite weights range from 
a few molecules to many tons. A large meteor would 
completely destroy the space vehicle, but fortunately 
the possibility of such a hit isextremely remote. Whip- 
ple’s latest estimates show that a near-earth satellite 
of radius 20 in. and skin thickness 0.5 mm. Al will be 
punctured on the average of once in 5 days.'! Whip- 
ple’s data indicate an increase in probability of meteor- 
itic hit penetrations over earlier studies. For example, 
Grimminger,!? in considering an exposed area of 1,000 
sq.ft., concluded that the probability of a perforation 
hit was negligibly small—i.e., 1.29 X 10° hours or 
about 15 years. 

Whipple states that ‘‘generally speaking, the most 
probable penetrating body would be one that would 
make a hole comparable to the thickness of the skin of 
the vehicle. Large holes would be much less frequent 
than smaller ones. I would estimate that the diameter 
of the hole would vary about as m”/* (m = mass) of the 
penetrating object. This means that the chances of 
large holes would be reduced somewhat more slowly 
than the mass.’’!* The problem of determining prob- 
abilities of meteorite hits and penetrations will not be 
resolved until adequate and reliable data are obtained 
from satellites and space vehicles. 

The design of a safe space cabin must take into con- 
sideration the probability of a meteoritic-caused de- 
compression. The ‘meteor bumper’ suggested by 
Whipple would reduce the number of meteorite punc- 
tures by a factor of approximately 10 to 100 times by 
exploding the meteoritic particles far enough away from 
the surface of the cabin skin that only the vapor strikes 
the cabin wall, and this over a large area. The equiva- 
lent of the meteor bumper is provided in the recom- 
mended space cabin by the outer wall of the space 
vehicle. Mayo suggested compartmentation of the 
space cabin to decrease the hazard of a sudden decom- 
pression.’ This concept may be useful in large cabins; 
however, the chances of experiencing an explosive de- 
compression increase when compartment volumes be- 


= 
| 
1 
— 
4 
2 
: 


come very small, even though the meteorite hole re- 
mains constant. 

Dangers of decompression include hypoxia, physical 
injury by being blown toward the opening, and decom- 
pression sickness. The expansion of trapped gases 
exerts pressure on surrounding tissue and organs 
causing the symptoms of decompression sickness. 
Since the astronauts cannot be expected to wear pres- 
sure suits continuously on long space flights, hypoxia 
is considered the most important danger during decom- 
pression. During the decompression, the time it takes 
the cabin oxygen partial pressure to decrease sufficiently 
to cause acute hypoxia is more important than the 
“total time of decompression.” Given a space cabin 
of 500 cu.ft. volume, with a 14.7 psi pressure differential, 
21 per cent oxygen, and a meteorite making a 1-sq.in. 
opening in the cabin shell, we find that the cabin would 
decompress to essentially a vacuum in about 600 sec. 
Table 4 shows the theoretical calculations. It takes 
less than a minute for the pressure to pass through an 
equivalent altitude of 20,000 ft. (6.75 psi) and only 2 
min. to decrease to 40,000 ft. Since useful conscious- 
ness above 40,000 ft. equivalent altitudes is less than 
15 sec., the time it takes to reach 40,000 ft. (the hypoxia 
time) is the true indication of the time available to react 
to the decompression. A signal or warning could alert 
the crew to a decompression, but, in the example given 
in Table 4, the crew would have less than 2 min. to react 
to the emergency. It is possible to utilize stored com- 
pressed air to extend this ‘hypoxia time’’ and permit 
donning of space suits. Table 4 gives the calculated 
amounts of oxygen needed to maintain the various 
cabin altitudes. To maintain an equivalent cabin 
altitude of 9,000 ft. (10.49 psi), 221/, lbs. of compressed 
air would be needed for each minute of delayed decom- 
pression, or about 223 lbs. for 10 min. 

The weight of compressed air needed to delay decom- 
pression can be reduced substantially by increasing the 
oxygen concentration. Table 5 illustrates this point. 
At sea level the 21 per cent O: is sufficient to saturate 
95 per cent of the blood. In order to maintain the 
95 per cent blood saturation, the percentage of oxygen 
must increase as the total pressure in the cabin de- 
creases or, in other words, as the cabin altitude in- 
creases. As the total cabin pressure decreases below 
3.62 psi, even the 100 per cent oxygen is not enough 
to maintain 95 per cent arterial blood saturation— 
hence hypoxia results. Compressed air with varying 
concentrations of oxygen could be used to offset the 
effects of hypoxia and afford a weight-saving in the 
supply of emergency gas carried. However, it must be 
remembered that the fire hazard becomes greater as 
the concentration of oxygen is increased. 

Actual experiments* were conducted with a 450 
cu.ft. compartment, acting as a space cabin, in the 
Douglas-Tulsa altitude chamber, to determine the air 
weight requirements necessary to maintain different 
cabin pressures with three different meteorite hole sizes. 


* Tests performed by the Douglas-Tulsa Development Test 
Section. 


Fig. 2 shows the test setup and the test results. Meteo- 
rite holes were simulated by 0.5-, 1.0-, and 2.0-sq.in. 
orifice plates. The altitude chamber was evacuated 
to 63,850 ft. (0.868 psi) to provide critical flow rates and 
to afford a vacuum reserve to handle the airflow from 
the hole in the compartment. It was not possible to 
seal the cabin hermetically so leakage rates under each 
of the test conditions were measured and deducted from 
the test data. Test results in Fig. 2 show that the air 
weight requirements increase with an increase in hole 
size and differential pressure. With an ambient pres- 
sure of 0.868 psi and a 1-sq.in. meteorite hole, the com- 
pressed air required to maintain a 6 psi pressure dif- 
ferential would be 7.5 Ibs. per min. in the 450 cuft. 
cabin. Air with 21 per cent oxygen at 6 psi pressure 
would afford the astronaut only about 5 min. of useful 
consciousness time, even if the emergency airflow was 
continued indefinitely. However, if the oxygen per- 
centage was raised to about 52 per cent, the oxygen 
partial pressure at 6 psi total cabin pressure would be 
raised to 160-mm. Hg pressure—i.e., the oxygen pres- 
sure required to saturate 95 per cent, of the blood. In 
this way, about 75 lbs. of compressed air with 52 per 
cent oxygen would afford the astronaut 10 min. to don 
a space suit, after which he could find the leak and patch 
it or evacuate to another pressure compartment, if 
available. 


Cosmic RADIATION 


Cosmic rays are of extraterrestrial origin. Protons, 
nuclei of hydrogen atoms, constitute the major part of 
primary cosmic radiation. The remainder of the pri- 
mary beam consists of alpha particles (nuclei of helium 
atoms) and of the nuclei of heavier atoms (those whose 
atomic number is above helium—i.e., carbon, nitrogen, 
oxygen, sodium, magnesium, aluminum, silicon, sul- 
phur, argon, calcium, and iron). Cosmic radiation 
can be thought of as representative chemical samples 
of universal matter—that is, atoms of elements stripped 
of all electrons and accelerated to high energy. The 
average cosmic primaries have an energy of about six 
billion electron volts (Bev), with others as high as 81 
Bev. Cosmic rays have tremendous penetrating 


TABLE 5 


Percentage of Oxygen Needed to Maintain 95 Per Cent 
Blood Saturation for Indicated Cabin Altitudes, Total 
Cabin Pressures, and Oxygen Partial Pressures 


CABIN Percent Oxygen 
Altitude | Total Pressure | 02 partial needed for 9% 
pressure blood saturation 
ft | psi | mm He | mm Hg in percent 

Sea level 14,70 | 760 | 160 a 
5,000 12.23 | 632 | 132 25 
10,000 10,11 5233 | 109 5) 
15,000 8.29 429 90 4o 
20,000 6.75 349 73 4g 
25,000 5.45 282 59 62 
30,000 4.36 228 48 
34,000 3.62 187 39 100 
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TEST SETUP 


AMBIENT PRESSURE = 45mm HG(0 868 Ps.) 
(63,850 FT ALTITUDE) 


ORFICE— SIMULATING 
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AIR OUT 


450 cu FT. 


SEALED CABIN 


FLOWRATOR 


AIR IN 


| TEST RESULTS 


20 4 2.0S0.1IN. HOLE 
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AIR FLOW -LB /MIN. 
6 
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3 6 9 
PRESSURE DIFFERENTIAL-P.S.1. 


AIR REQUIREMENTS IN LBS/MIN TO MAINTAIN 3,6,89 PS,I. 
CABIN PRESSURE DOIFFERENTIALS IN A 450 CU.FT. CABIN 
WITH SIMULATED METEORITE HOLES OF 05,1.0,4 

2.0 SQ,1N.. HOLES WERE CIRCULAR SHARP EDGED. AMBIENT 
PRESSURE OF 0.868 P.S.| (63,850 FT ALTITUDE). AIR TEMPERATURE 
74° F. 


Fic. 2. 


power; passing through the entire atmosphere of the 
earth is equal to going through 37 in. of lead. Hence 
mass shielding of a space cabin against cosmic primaries 
will not be possible. 

Cosmic ray intensity at the earth’s surface has been 
found to be a function of the geomagnetic latitude, the 
number of cosmic rays being lower near the equator and 
increasing for higher latitudes. Cosmic ray intensities 
are measured in ion pairs/cu.cm./sec. and at the equator 
give a value of about 2 at sea level and about 80 at 
40,000 ft. and more than twice these values at 40° 
northern latitudes. The high specific ionization of the 
primaries determines their relative biological effective- 
ness (RBE)—.e., particles of high specific intensity are 
from 2 to 10 times more effective per roentgen equiva- 
lent physical (rep) than are X-rays, gamma rays, or 
beta particles. The true dangers of cosmic radiation 
will not be known until the radiobiologist has had an 
opportunity to expose biologic specimens in outer space 
for extended periods of time. 


WEIGHTLESSNESS 


The condition of weightlessness as it pertains to space 
flight has received a great deal of attention. Experi- 
ments, in jet aircraft flying a parabolic arc, have been 
able to achieve less than 1 min. of weightlessness. The 
problems of zero gravity appear to be mostly psycholog- 
ical, involving orientation and impairment of coordi- 
nation. However, adaptation to weightlessness seems 
to be a possibility. On the ground, man uses three 
senses—eyes, labyrinths, and proprioceptors—to main- 
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tain balance. The latter two functions, vestibular and 
kinesthetic, would not be expected to function in a use- 
ful manner during the weightless state. Therefore 
the visual apparatus alone remains to furnish the astro- 
naut with cues for spatial orientation. Hence the 
interior design of the cabin will provide subjective 
orientation in the cabin, while the instruments will 
provide objective orientation in space. Human prob- 
lems associated with zero gravity will not be resolved 
until manned satellites are tested. 


CONCLUSIONS 


The majority of human factor problems facing the 
astronauts can be solved by the use of existing engineer- 
ing talents and data in a comprehensive space flight 
research and development program. The extent of 
space hazards such as cosmic ray primaries, meteorites, 
solar radiation, and weightlessness is unknown. The 
effects these conditions will have on man, equipment, 
and the space vehicle must be predicted prior to the 
first outer space flight in order to provide some degree 
of safety. It is hoped that Sputnik and Vanguard 
satellites will supply needed data about these con- 
ditions. 
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“Steels of the precipitation hardening 
type have the best potential for 
satisfying the overall requirements” 

of the aircraft and missile industries. 


Sheet Steels 


for High-Speed Aircraft and Missiles 


- MORE THAN A DECADE, the need for better ma- 
terials for airframes and skins of high-speed aircraft 
and missiles has spurred research. The alloys of 
aluminum, magnesium, titanium, iron, nickel, chro- 
mium, columbium, and molybdenum have been widely 
studied and the limits of their utility seem to be estab- 
lished. 

In our competitive system it is only natural that much 
effort has been directed toward improving all the alloys 
to extend their range of usefulness. Research on oxide 
sinters to obtain higher strength in aluminum alloys 
and development of magnesium-thorium alloys are 
examples of progress along these lines. Results of 
extensive research on titanium alloys, financed in large 
part by our government, are well known. Intensive 
work on the iron-base alloys in the research laboratories 
of the steel companies has been so rewarding that 
several new steels now satisfy many of the airframe and 
skin requirements. 


Fic. 1. Honeycomb panels made by welding and brazing thin 
rolled PH 17-7 steel. 


A. L. Feild and M. E. Carruthers 


Armco Steel Corporation 


SHEET STEEL REQUIREMENTS 


To warrant consideration for use in airframes and 
skins, a sheet steel must have high strength at flight 
temperatures. Strength, however, is only the first 
hurdle to be cleared in the competition among materials. 
To be fully useful in the production of weapons systems, 
a steel must be readily available in all the common and 
special forms needed. Ease or difficulty of fabrication 
strongly affects feasibility of production. The material 
must resist corrosion by the elements prevalent at air 
bases and in flight. 

New design concepts dictate that almost three- 
fourths of the weight of many airframes must be in the 
form of sheet metal, much of it thin rolled. Lightness 
with high strength and stiffness is gained with honey- 
comb sandwich structures of the type shown in Fig. 1. 

High sound levels created by modern jet engines 
sometimes induce high fatigue stresses in areas of air- 
frames near the jet blasts. Welded and brazed honey- 
comb structures perform much better than riveted 
assemblies under these conditions. This means that 
the high-strength steel must be capable of being welded 
and brazed; moreover, that any required heat treat- 
ment is compatible with brazing cycles. Among the 
high-strength steels available today, only the precipita- 
tion hardening stainless steels have satisfied production 
honeycomb requirements. This, in part, accounts for 
their growing use. 

Sizes needed for aircraft sheet steels vary from nar- 
row coils of foil as thin as 0.0006 in. to 48- by 240-in. 
sheets as thick as 1/8 of aninch. Closer than standard 
tolerances currently specified are plus or minus 5 per 
cent of desired thickness. Flatness standards permit 
no more than 2 per cent deviation. 


Dr. Feild is Associate Director and Mr. Carruthers is Super- 
vising Metallurgist. 
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TABLE 1 


Compositions of Typical Aircraft Steels 


Name & Mn 

Martensitic steels 

Low alloy 4340 0.45 0.50 0. 

Stainless 422M 0.25 0.50 0. 

Hot die VascoJet 0.40 0.30 0. 
Precipitation hardening PH 17-7 0.07 0.60 0. 

stainless steels PH 15-7 Mo 0.07 0.60 0. 
Austenitic stainless steels A286 0.50 1.35 0 


& 85 $85 


Per Cent 

i r Mo \ Other 
1.25 0.50 0.35 
0.70 12.00 1.00 0.30 ee 
5.00 1.30 0.45 

17.10 1.15 Al 

7.0 15.00 2.25 ee 1.15 Al 

26.0 15.50 1.25 0.30 2.00 Ti 

0.20 Al 


TYPES OF STEEL 


Some of the steels used in manned aircraft and missiles 
may be classified as being of the martensitic type. 
Others are stainless steels that strengthen through a 
change in phase and a secondary hardening mechanism 
termed precipitation hardening. Still others are aus- 
tenitic steels strengthened by precipitation hardening. 
Table 1 shows the compositions for several steels of the 
different types. 


STRENGTH-WEIGHT COMPARISONS 


How do these steels compare in strength with the 
titanium alloys on a weight-for-weight basis? Fig. 2 
shows tensile strength/density ratios for a number of 
steels and the best of the sheet titanium alloys at tem- 
peratures up to 1,000°F. 

Heat-treated titanium 6AIl-4V alloy exhibits its 
greatest strength/density at room temperature with the 
ratio decreasing as temperature rises. The hot-work 
die steel and the martensitic stainless Type 422M 
better retain their strength and are the best above 300° 
and 400°F., respectively. PH 15-7 Mo is the strongest 
of the precipitation hardening stainless steels. The 
fully austenitic A286 steel is most useful above 1,000°F. 

If high-speed weapons systems must perform long 
flights or repeated missions, the creep behavior of 
structural materials at flight temperatures is important. 
Creep in materials—dependent upon time, tempera- 


TENSILE STRENGTH / DENSITY X 100000 


200 400 600 800 
TEMPERATURE DEGREES PF, 


Fic. 2. Strength-weight ratios for heat-treated steels and 6Al- 
4V titanium sheets. 


42 Aero/Space Engineering + June 1958 


ture, and stress variables—is measured by standard 
test procedures. 

In Fig. 3, the limiting tensile stresses (divided by 
density factors) for 0.2 per cent permanent deforma- 
tion in 1,000 hours are shown for steel and titanium 
alloys. Room temperature tensile strengths for the 
heat-treated PH 15-7 Mo steel and the titanium 6AI-4V 
alloy were 248,000 and 193,000 psi, respectively. 

At 800°F. on the weight-for-weight basis, the PH 
15-7 Mo steel is the better material by a margin of 
about 100 per cent. Reference to Fig. 2 at the 800°F. 
level finds the short time tensile strength/density value 
for the 6AI-4V titanium alloy better than the PH 15-7 
Mo steel by about 6 per cent. The favorable creep 
behavior of PH 15-7 Mo steel has contributed in part to 
its selection for several advanced designs. 

If industry could produce each of the special steels in 
the required forms with equally good results and the 
steels were comparable in fabricating behavior and 
resistance to corrosion, the best steel could be identified 
on the basis of strength properties. The special steels 
differ, however, in several respects and all of their 
characteristics are taken into account. 


CORROSION RESISTANCE 


The corrosion resistance of alloy steel is strongly 
influenced by its chromium content. Experience with 
stainless steels has found that at least 12 per cent 
chromium is needed to insure acceptable corrosion 
resistance under ordinary atmospheric conditions. 

Protective coatings are required for even the shop 
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Fic. 3. Comparison of tensile stress/density for 0.2 per cent 
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handling of the low-alloy martensitic and the hot-work 
die steels. Coatings required for service conditions 
unfortunately introduce weight penalties, so much so 
that the strength/density values for these steels must 
be reduced accordingly. Martensitic stainless steels 
such as 422M lose much of the chromium from their 
alloy matrix due to the formation of chromium carbides 
during heat treatment. Asa result of the lower effec- 
tive chromium content, corrosion resistance is impaired 
to the point that these steels have been found barely 
adequate for inland exposures and questionable for serv- 
ice in marine atmospheres. 

Corrosion resistance of the precipitation hardening 
stainless steels has been evaluated in this type of serv- 
ice. While they are known to be susceptible to inter- 
granular corrosion in mineral acids in some conditions of 
heat treatment, their resistance to normal and marine 
atmospheres has been found to be acceptable through 
experimental exposures and by actual use in aircraft 
parts. The austenitic stainless steels, such as A286, 
are the most corrosion resistant, but they are not 
competitive strengthwise with the other steels at 
temperatures below 1,000°F. 


FABRICATING BEHAVIOR 


Methods for shaping aluminum alloy sheet metal 
parts have been well developed to suit the production 
needs of the industry. To make use of the same type 
of equipment in change-overs to steel it is desirable that 
the steel be sufficiently workable to form the parts by 
the standard procedures. 

Ease or difficulty in cold forming depends on the 
metallurgical condition of the steel. At room tempera- 
tures, austenite is the most ductile phase. This makes 
fully austenitic stainless steels the most workable. 
Precipitation hardening stainless steels are supplied in a 
predominantly austenitic condition appropriate for 
cold forming and subsequent hardening by low-tempera- 
ture heat treatment. Martensitic steel sheets are 
usually formed in the ferritic condition with operations 
limited to simple stretch and brake forming. 


HEAT TREATMENT 


Careful attention must be given to the furnace atmos- 
pheres used in the heat treatment of steel parts. The 
high carbon content of the hot-work die steels and the 
martensitic steels invites decarburization with conse- 
quent harmful effects on strength and fatigue resistance. 

For heat treating the precipitation hardening stain- 
less steels, atmospheres are controlled to avoid car- 
burizing or nitriding reactions which can stabilize the 
austenite and lower the strength realized in the harden- 
ing operations. Heat treating temperatures are some- 
what lower than those needed for the hot-work die 
steels and the martensitic steels, so parts retain their 
shape better. Benching and straightening operations, 
when needed, have been found to be easiest to perform 
on the precipitation hardening stainless steels prior to 
the final low-temperature heat treatment. 


The first stage of heat treatment for the precipitation 
hardening stainless steels usually involves a phase 
change. A maximum expansion of 0.005 in./in. re- 
sults from the change in phase and is anticipated in the 
dimensioning of parts. During final hardening opera- 
tions at low temperatures, both shape and dimension of 
parts have been found adequately permanent. 

Amenable to the different types of cold forming 
operations employed in aircraft plants and hardenable 
by low-temperature heat treatments, the precipitation 
hardening stainless steels have won widest use. 


WELDING 


Welded joints are extremely important in aircraft 
and missiles, not only because of weight savings over 
conventional fasteners, but also because welded struc- 
tures better withstand fatigue stresses. Accurate fit-up 
and careful design of joints are especially essential for 
high-strength steel weldments because built-in stress 
raisers adversely affect joint strength. 

As with other highly hardenable steels, the hot-work 
die steels and the martensitic steels require preheating 
and postheating operations to forestall the formation of 
cracks during fusion welding. The precipitation hard- 
ening stainless steels, characteristically low in carbon, 
are fusion welded with good results without special 
heating practices. Inert gas shielded-are methods are 
used on the aluminum and titanium bearing steels to 
retain these elements in the weld metal and to obtain 
soundest welds. 


MACHINING 


High-strength steels are much more difficult to 
machine than the aluminum alloys. However, the 
experience gained in machining titanium alloys and 
other hardenable steels has been applied with good 
results. 

In the precipitation hardening stainless steels, a 
relatively low level of hardness (Rockwell C28-C35) 
exists after the phase change and before the final low- 
temperature hardening operation. Gains in efficiency 
have been realized by machining at this stage. Dimen- 
sions and shapes of parts have been satisfactorily re- 
tained through the final hardening operation per- 
formed at a temperature selected in the range 950°— 
1,150°F., depending on the properties desired. 


CURRENT COMPETITIVE PICTURE 


Of the high-strength sheet steels used in aircraft aid 
missiles, the PH 17-7 stainless steel has been most 
widely used and produced in the greatest tonnage. 
Because of its higher strength at room and elevated 
temperatures, the PH 15-7 Mo stainless steel is being 
designed into many of the advanced weapons systems. 
Superior resistance to corrosion and better feasibility of 
production of aircraft parts also account for its accept- 
ance in preference to the stronger hot-work die stecls 
and martensitic stainless steels. 
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FUTURE AIRCRAFT AND MISSILE STEELS 


Fully realizing the hazards of prophecy, we shall 
summarize the facts bearing on the nature of the 
advanced aircraft and missile steels that may reason- 
ably be expected in time to come. 

Surveys by the Aircraft Industries Association and 
other agencies have attempted to assess the future 
needs of the industry. The following features have 
been singled out as important in future aircraft and 
missile steels: 

(1) Higher strength at room and elevated tempera- 
tures. 

(2) Soft sheets for easy forming. 

(3) Capacity for heat treatment involving only solu- 
tion and low-temperature precipitation hardening 
operations. 

(4) Suitability for welded and brazed sheet metal 
structures. 

(5) Availability in flat, 48- by 240-in. sheets as well as 
in foil with close thickness tolerances. 

(6) Oxidation resistance at flight temperatures. 

(7) Adequate resistance to corrosion by fuels and 
service environs. 

We predict that the steel industry will strive to 


satisfy the demand for special steels with the combina- 
tion of properties listed. With improvements in steel 
technology, higher strengths will be developed in all the 
types of steel described in this article. 

Steels of the precipitation hardening type have the 
best potential for satisfying the overall requirements. 
Since the metallurgy of this new type of steel is still in 
its early stages, further improvements are expected as 
more is learned about the mechanics of precipitation 
hardening. Present studies, still on a laboratory basis, 
include sheet steels that can be delivered in a soft con- 
dition and heat treated through phase change and 
precipitation hardening to 260,000 psi minimum ten- 
sile strength with 4 per cent elongation. At 800°F. the 
tensile strengths of these steels are above 200,000 psi 
and at 1,100°F. strengths are in the vicinity of 120,000 
psi. It is not too farfetched to expect that future PH 
stainless steels will be more widely useful at tempera- 
tures as high as 1,100°F. 

A good potential for growth in high-temperature 
strength would also appear to exist in the fully austen- 
itic precipitation hardening stainless steels. With 
predictable improvements in steel technology, this type 
of steel should be competitive with the nickel-base 
alloys at 1,500°F. 
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FF-2 A Study of the Flow, Pressures, and 
is Pertaining to Prismatic Vee- 
Planing _ Surfaces — Experimental 

Towing Tank, Stevens Instit. of Tech. 1.20 1.60 


AHS-1 Helicopter Flight Research at NACA, 
Langley—Jack P. Reeder. 0.35 0.75 


Linearized Treatment of Supersonic 
Flow Through Axi-Symmetric Ducts 
with Prescribed Wall Contours— 
Charles E. Mack, Jr., and Ignace |. 
Kolodner. 0.75 1.25 


Sherman M. Fairchild Publication Fund Papers 


Papers should be ordered by number from: Special Publications Dept., IAS, Inc., 2 East 64th St., N.Y. 21, N.Y. 


Non- 
Member member 
No. Price Price 


244 Wetted Area and Center of Pressure of 

Planing Surfaces—Experimental 

Towing Tank, Stevens Institute of 

Technology. $0.75 $1.00 
229 Wave Profile of a Vee-Planing Surface, 

Including Test Data on a 30° Dead- 

Tank, Stevens Institute of Technol- 

ogy. 1.20 1.60 
170 Wave Contours in the Wake of a 10° 

Deadrise ening Surface—Experi- 

mental Towing Tank, Stevens Insti- 

tute of Technology. 1.20 1.60 
169 The Discontinuous Fluid Flow Past an 

Immersed Wedge—Experimental 

Towing Tank, Stevens Institute of 

Technology. 0.75 1.00 
168 Wave Contours in the Wake of a 20° 

Deadrise Planing Surface—Experi- 

mental Towing Tank, Stevens Insti- 

tute of Technology. 1.20 1.60 
167 On the Pressure Distribution for a 

Wedge Penetrating a Fluid Surface— 

Experimental Towing Tank, Stevens 

Institute of Technology. 0.75 1.00 
166 An, Analysis of the Fluid Flow in the 

Spray Root and Wake Regions of 

Flat Planing Surfaces—Experimental 

Towing Tank, Stevens Institute of 


Technology. 1.20 1.60 
165 Theory and Practice of Sandwich Con- 
struction in Aircraft (@ Symposium). 1.85 2.50 


126 External Sound Levels of Aircraft—R. 
L. Field, T. M. Edwards, Pell Kangas, 
and G. L. Pigman. 0.75 1.00 
106 Measurement of Ambient Air Tempera- 
ture in Flight—W. Lavern Howland. 0.35 0.50 
104 Tensor Analysis of Aircraft Structural 
Vibration—Charles E. Mack, Jr. 1.85 2.50 
102 Electrical Resistance Strain Gages Ap- 
to Wind-Tunnel Balances— 
Imer C. Lundquist. 0.60 0.80 
101 Introduction to Shock W/ave Theory— 
J. G. Coffin. 2.65 3.50 
Blade Pitching Moments of a Two- 
Bladed Rotor—R. W. Allen. 0.75 1.00 
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The reawakening of interest in gravitational theory and the 
difference between the engineer’s point of view and the physicist’s 
point of view regarding gravitation are discussed. : 


The Engineer, the Physicist, and Gravitation 


I. RECENT YEARS there has been a significantly large 
resurgence of interest in gravitation. This resurgence 
has hit a wide variety of people—it has cropped up 
among serious-minded engineers interested in solving 
the technological problems of space flight, it has 
cropped up among serious-minded scientists interested 
in finally casting the theory of gravitation and the 
other theoretical aspects of physics from the same mold, 
it has cropped up among serious-minded men who are 
trained neither as engineers nor as physicists but who 
nonetheless are attracted to the proposition that gravi- 
tation is a riddle and a mystery to whose unraveling 
they feel constrained to dedicate a large portion of 
their time and energy. 

In this short essay, I shall present my views regard- 
ing the engineer and his interest in gravitation and 
compare this with the physicist and his interest in 
gravitation. I shall not discuss the third class of 
dedicated men who are neither scientists nor engineers 
but have connections with gravitation, whose origins 
are much more complicated and heterogeneous, varying 
from theology and philosophy to intense longing for 
fame and recognition. 


THE ENGINEER AND GRAVITATION 


Gravitation has always been the most significant of 
nature’s forces to the aeronautical engineer. It is to- 
day acquiring new significance. Today man has al- 
ready taken his first feeble steps toward the goal of 
leaving, in effect, the earth’s gravitational field. To- 
day engineers can clearly see a beautiful pioneering 
vision—easy and frequent flights to the moon, Mars, 
and more distant places. The general features of all 


This paper was presented at the Gravity Session of the IAS 
26th Annual Meeting, N.Y., Jan. 27-30, 1958. 
The author is Principal Scientist. 


the broad problems of interplanetary flight are under- 
stood and are comparatively readily solvable by our 
technology, all of the problems but one. The problem 
of propulsion, the power plant, is still with us. It is 
clear that, if interplanetary flight is ever to be routine, 
we must yet take a gigantic technological step forward. 
The solution of this problem of propulsion is not rou- 
tine, it requires something new. 

Faced with this tantalizing situation wherein the era 
of space flight is here if only we can acquire a very 
good propulsion system, the engineer begins to reason 
the following way: The problem, he says, is to over- 
come gravity. If only the gravitational constant of 
nature were smaller it would be an easier task. What 
is gravitation anyway? Gravitation is a rather strange 
thing that nature has thrust upon us. It is utterly in- 
flexible and absolutely independent of all outside influ- 
ences. Light can be absorbed by opaque objects, 
deflected by mirrors; electric and magnetic signals can 
be transmitted along preset paths over long distances; 
gravitation, however, is always the same. We cannot 
increase or diminish it, or even aim it. All of this, says 
the engineer, is indeed very strange. There must be 
more to gravitation of which we are unaware. Let us 
go to our friends, the scientists; let us ask them to 
study more deeply the phenomenon of gravitation. 
Surely when they understand gravitation better they 
will discover new relationships between gravitation and 
the rest of the world, and surely these relationships will 
help us solve our propulsion problem. 

These remarks can be summarized by saying that the 
engineer is interested in gravity largely because he is 
faced with a dilemma and is sorely anxious to see it 
resolved. 

There are also important reasons of an aesthetic and 
cultural nature that lead the engineer to an interest in 
gravitation. The thoughtful and studious engineer 
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always follows with interest the latest discoveries of 
physics motivated by curiosity and by the entertain- 
ment value of knowing about these discoveries as much 
as by the possibility that these discoveries may be put 
to immediate use. In his pursuit of these matters, the 
engineer has been made aware that the most favored 
theory of gravitation is Einstein's general theory of 
relativity and that this theory describes gravitation in 
terms of the geometry of space and time. This theory, 
coupled with Einstein’s special theory of relativity, has 
radically altered our conceptions of space and time and 
has led to conclusions at such great variance with our 
apparent daily experience as to arouse the immediate 
interest of anybody who hears of one of the unusual 
results. 

As an example of this, one can take the famous clock 
paradox which says that if there are two identical 
clocks keeping the same time and one clock is taken on a 
space trip and returned to the earth while the second 
clock remains on the earth the time difference measured 
by the clock which took the trip will be smaller than the 
time difference measured by the clock that stayed be- 
hind. Frequently it is assumed that people will age 
at a rate proportional to clocks, and the aforementioned 
result is thus known as the twin paradox. In this 
form, the paradox says there is an age difference be- 
tween a returned space traveler and his twin who stays 
at home, the returned space traveler being younger. 
These results on clocks are entirely consistent with the 
predictions of the theories and with detailed observa- 
tions in laboratories. All paradoxes regarding the 
relative motion of the two clocks are resolved by the 
theory. 

The great interest in the clock paradox among engi- 
neers is based on its possible consequences for travelers 
in space if these travelers age in the same manner as 
clocks. This subject has recently been discussed by 
Professor Edwin M. McMillan' of the Radiation 
Laboratory at the University of California, Berkeley, 
Calif. First he asked the question whether an accelera- 
tion tolerable to human beings, acting for a reasonable 
time, can produce velocities great enough to give an 
appreciable time dilation. It turns out that the answer 
is yes. For example, a man traveling for 21 years 
under a constant acceleration of 1g would go a distance 
of 1.2 X 10° light years. If he then reversed his 
acceleration, he would finally come to rest at a time 
2.4 X 10° light years from his starting time, having 
spent 42 years of his life on the trip. For shorter trips 
the results are less dramatic; the relativistic time 
modifications are negligible for travel within the solar 
system. A man going to Neptune and stopping there, 
at an acceleration of 10g, would spend 5 days on the 
trip but would gain only 1.5 minutes of time. 

The energy requirements for these trips are fantas- 
tically large. If his vehicle weighs | ton, the man who 
travels for 21 years at lg has an energy equivalent to 
the energy released in the fission of 10'* tons of ura- 
nium—it is the mass equivalent of this energy which the 
power plant must be propelling at an acceleration of lg. 
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The man and 1-ton ship which travel to Neptune at 
10g have a kinetic energy corresponding to the energy 
released in the fission of about 2 tons of uranium. 
Professor McMillan concludes, therefore, that the 
energy requirements in a rocket ship for such a trip 
within our solar system are beyond any foreseeable 


practical limits. The time gain is moreover very small, 
It is therefore hard to picture a practical case of space 
travel in which the time dilation can be considered 
important. 


THE PHYSICIST AND GRAVITATION 


The origin of the renewed interest of the physicist in 
gravitation bears a remarkable similarity to the origin 
of the renewed interest of the engineer in gravity, 
Just as the engineer has turned to an interest in gravita- 
tion because he is faced with a very difficult propulsion 
problem, so is the physicist turning to an interest in 
gravitation because he is faced with a very difficult 
problem—though it is a problem of an entirely different 
nature than the propulsion problem. The problem of 
the physicist is the problem of the fundamental par- 
ticles, the best known of which is perhaps the electron. 

The problems of the physicist are: why are there 
elementary particles; what keeps them together; why 
do they have the charges they do, the masses they do; 
why are some relatively indestructible; why do others 
disappear almost immediately after their formation 
with the appearance of other particles; how do the par- 
ticles intereact with each other; and why in this way? 

To apply these questions to the electrons we can, for 
example, ask why the mass of the electron is 9.1 X 
10-*8 gm. and why its charge is 4.8 X 107" esu. If 
the charge is uniformly distributed throughout the elec- 
tron there will be strong electrostatic repulsive forces 
tending to drive one part of the electron away from an- 
other part of the electron. This electrostatic repulsion 
should make the electron explode violently, yet it does 
not. Why not? What are the attractive influences 
which keep it together? And so on with many more 
questions of this type. 

To place the problem squarely before us, Table | lists 
the particles known today to exist and indicates their 
relative charges and relative masses, the mass of the r 
mesons being taken as unity. In Table 1, the charge of 
the electron and all charges of the same sign and magni- 
tude are represented by —, a neutral particle by 0; a 


TABLE 1 
Particles of Physics 

Particle Charge Mass 
(neutrino) 0 0 
(photon) 0 0 
(electron, positron) 0.0037 
(4 meson) +,- 1.75 
(a meson) +,-,0 1.0 
(x meson) +,-,0 3.5 
(proton, antiproton) +,- 6.7 
(neutron, antineutron ) 0 
(\ hyperon) 0 8.0 
(o hyperon) +,—,0 8.5 
(€ hyperon) —,0 9.4 
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charge of the opposite sign but same magnitude as the 
electron charge is represented by +. 

This is a formidable array of particles, and there are 
probably more particles yet to be discovered. Our 
understanding of the behavior and role of these particles 
is yet minimal. Most physicists believe that their 
elucidation awaits the discovery of an important new 
physical principle. Many physicists are thus acquir- 
ing a renewed interest in gravitation because of the 
great barrier now existing to making progress toward a 
further understanding of the behavior of nature. They 
feel that gravitational theory may have something to 
contribute regarding this problem. 

In addition to having a problem to solve, the engineer 
is interested in gravitation for aesthetic and cultural 
reasons. So it is with the physicist. The physicist is 
also renewing interest in gravitation for aesthetic and 
cultural reasons. The aesthetic motivations of the 
physicist are, however, different than those of the 
engineer. The physicist has seen during the past 
several decades the emergence of a great new body of 
physical principles and theories—namely, the quantum 
theory of particles and fields. Today all the physical 
fields of our experience (such as electromagnetic, 
meson, etc.) can be cast with greater or less success into 
the form of a quantum field theory—all the fields except 
the gravitational. This field alone has not yet in the 
view of most physicists been successfully quantized. 
Thus gravitation is handled differently than the other 
phenomena of nature and this is leading to a renewed 
interest in gravitation. There is yet another aesthetic 
aspect, another logical difficulty, another way in which 
gravitation is handled differently than the other phe- 
nomena of nature. The theory of gravitation is a theory 
of geometry, of ‘‘curved’’ spaces. The other theories of 
nature say nothing directly about geometry. This 
discrepancy is also arousing interest among some 
physicists who are anxious to unify the laws of nature 
and express all of them if possible as laws of geometry. 
Of course, the physicists who are working in quantizing 
the theory and in unifying the laws of nature hope that a 
successful culmination of their program will help eluci- 
date the puzzle of the particles. 


PHYSICIST’S VIEWS OF THE INTEREST OF THE ENGINEERS 
IN GRAVITATION 


It is interesting now to remark on what the physicist 
thinks about the interest of the engineers in gravitation. 
We have already seen that both physicists and engi- 
neers are interested in gravitation for reasons which are 
partly purely aesthetic and partly based on being faced 
with a dilemma. The physicist of course is delighted 
with the aesthetic manifestations of engineers’ interest 
in gravitation. His views regarding the possibility of 
solving the propulsion problems presented by space 
flight are rather different. The physicist is, of course, 
very anxious to see routinely established space flights to 
the moon and to other more distant points. He 
recognizes the propulsion problem. And he predicts, if 


I may presume to speak for him, the solution. The 
solution will be the perfection ‘of atomic rockets, either 
rockets based on the fission of heavy elements such as 
uranium or rockets based on the fusion of light ones 
such as hydrogen. The day is surely coming when we 
will be able to harness the energy of fusion, to control 
thermonuclear reactions, to tame the energy that makes 
the hydrogen bomb possible. And it is very likely that 
space ships propelled by controlled thermonuclear 
reactions will, in the not very distant future, be tech- 
nologically practicable. 


Regarding the use of gravitation for propulsion, the 
physicist offers only discouragement. There is today 
no indication in gravitational theory of how such use 
can ever be made of gravitation. There is, on the 
other hand, clear indication that according to our pres- 
ent knowledge no such use can be made. Of course, if 
the physicist succeeds in fusing the theories of gravita- 
tion with the other theories of physics, he will learn a 
lot more than he knows today, and it may become 
meaningless what branch of physics on the microscopic 
level we call gravitation and what branch of physics we 
do not call gravitation. 


To summarize then, the physicist is happy to see the 
engineer interested in gravitation for aesthetic reasons, 
feels his interest in gravitation for propulsion purposes 
is misplaced, but feels that the propulsion problem will 
surely be solved. 


Most Puysicists’ VIEWS OF THE INTEREST OF OTHER 
PHYSICISTS IN GRAVITATION 


We have noticed the analogy between why the physi- 
cist is interested in gravitation and why the engineer is 
interested in gravitation. Let us see now the analogy 
between the attitude of most physicists to the interest 
of the engineer in gravitation and their attitude to the 
interest of other physicists in gravitation. To place 
the problem in perspective, it is important to realize 
that although there has been a renewed interest in 
gravitation by many physicists, still well under 5 per 
cent of the physicists are working on the subject. The 
remaining majority body of physicists say, of the fewer 
than 5 per cent, that they are delighted to see them 
interested in gravitational theory for aesthetic reasons. 
That is, they would be happy, for example, to see a 
successful quantization of gravitational theory. But 
this large body of physicists feels that gravitation will 
not contribute to the solution of the main present-day 
problem of physics, the problem of the particles, or to 
the solution of the problem of propulsion. The analogy 
breaks down, however, because the physicists can out- 
line a nongravitational solution to the propulsion prob- 
lem and can point out that existing theory, which is not 
likely to be changed regarding intereactions of large 
objects like space ships and rockets, indicates no possi- 
bility for new methods of propulsion by use of the 
gravitational field. But the physicists cannot outline a 
solution to the particle problem, nor can they demon- 
strate the inability of a proper gravitational theory to 
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contribute new effects in the microscopic domain of the 
fundamental particles. 

It would not be proper in this essay to present the 
details of a debate regarding the usefulness of gravita- 
tional theory in the microscopic domain. I shall point 
out one or two of the arguments presented by the great 
body of physicists against the application of gravitation 
in the subatomic domain and one or two of the rebuttal 
remarks made by physicists who take the opposite 
view. 

In the first place, it is argued that the gravitational 
force is very weak compared to other forces. Consider 
two electrons which attract each other because of 
gravitation by an inverse square law and repel each 
other because of their charge also by an inverse square 
law. If one makes the calculation it turns out that at 
all distances the electrostatic force of repulsion is 
greater than the gravitational force of attraction by the 
enormous factor of 10**. In dealing with particles in- 
side a nucleus, the nuclear forces are greater than the 
electrostatic forces also by an enormous factor. So it is 
argued that the gravitational forces are so small as to be 
ignorable. 

A second argument raised against the usefulness of 
gravitational theory, even if it is quantized, is the fol- 
lowing: The distances of interest in particles physics 
are about 10~-'*cm. This is the classical radius of the 
electron, the range of influence of nuclear forces, etc. 
On the other hand, if the gravitational field is quantized, 
one can find a distance from the gravitational constant 
G, Planck’s constant h, and the velocity of light c. 
This length given by (hG/c*)'/? is of the order of 10~** 
em. So it is argued that quantum effects can only be 


important at these tiny distances and that at 10~-!* cm., 
which is the distance of interest in particle physics, no 
gravitational effects are to be expected from the 
quantization. 


The rebuttal to these remarks given by the physicists 
working in gravitation is now presented. First, it is 
argued that the absolute size of a force is not necessarily 
a good clue as to its qualitative significance. For ex- 
ample, an electron has a magnetic moment and an intrin- 
sic angular momentum which contributes very little in 
its interaction with a nucleus as compared with the 
electrostatic attraction of the nucleus for the electron, 
but the existence of the intrinsic angular momentum is 
of the utmost significance in the interpretation of atomic 
spectra. Secondly it is argued that the theory of gravi- 
tation is a theory of space and time itself and one must 
have a proper theory of space and time in order to 
understand the behavior of objects within space and 
through time. 


The remarks of the preceding few paragraphs are, of 
course, not the complete story nor are any of the argu- 
ments conclusive. They are included here merely to 
demonstrate the type of thinking that physicists are 
engaged in regarding the gravitational problem. 

It is my hope that this essay has succeeded in pointing 
out the analogies and the vast differences between the 
resurgence of interest by the engineer and by the physi- 
cist in the theory of gravitation. 
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A review of the fundamental propulsive 
and thermodynamic properties of 
aircraft power plants with particular 
emphasis on their high-speed potential. 


Thermopropulsive Characteristics 
of High-Speed Thrust Generators 


A. F. Charwat 
University of California at Los Angeles 


SYMBOLS 


C, = specific heat at constant pressure (B.t.u./Ib. °R.) 


h = enthalpy/unit weight (B.t.u./Ib.) 
Ig = gross specific impulse (sec.) 
Ip = net specific thrust per lb./sec. of primary gas (sec.) 


Ipp = net specific thrust per lb./sec. of combined gas (binary 
engines), sec. 

M, = flight Mach Number 

P = pressure, lb./ft.? 


T = temperature, °R. 

8 = massratio, secondary gas flow/primary gas flow (binary 
system) 

6 = massratio, air acquired/gas ejected 

y = ratio of specific heats 

n = efficiency factor. Subscripts: R, ram; C, compressor; 


T, turbine; BP, burner pressure; BC, combustion; 
TR, mechanical transfer of power between primary 
and secondary system. 


[. = isentropic exponent: (y — 1)/y 
Subscripts 

A = afterburner 

B = secondary system of a binary engine 

P = primary system of a binary engine 

M = mixture of two binary systems 

0 = static ambient conditions 

1 = stagnation conditions 

2 = thermodynamic state after compression 

3 = thermodynamic state after combustion 

c¢ = gas properties before combustion 

h = gas properties after combustion 


; = POWER PLANT always played an important role 
in the history of aeronautics. The appearance of the 
light-weight internal combustion engine and later the 
development of the turbojet and the rocket are prob- 


This paper has been revised and condensed by the author from 
a presentation before the IAS Los Angeles Section, August 13, 
1957, 

The author is Associate Professor of Engineering, and Con- 
sultant to Aeronutronic Systems, Inc. 


ably the outstanding events which made flight possible 
at all, and then pushed it to supersonic and hypersonic 
speeds. 

Recently a number of modifications and combina- 
tions of existing engines have been studied in the hope 
of improving their performance and extending their 
range. The present discussion proposes to review the 
fundamental propulsive and thermodynamic properties 
of this family of aircraft power plants with particular 
emphasis on their high-speed potential. The thermo- 
dynamic schemes considered here are not physical en- 
gines although an attempt was made to remain within 
the framework of practically possible machines. Each 
calculation represents a design point. The off-design 
behavior and the many practical problems which in- 
fluence the cost, the reliability, the weight, and the 
complexity of the machine are not considered. Thus, 
this is not a method for engine selection, but rather a 
discussion of the skeleton structure of the field. Indi- 
vidual readers may find it possible to integrate around 
it the many subtle points pertaining to an engine evalu- 
ation which escape generalization. 


THE THERMODYNAMIC PROBLEM 


Thermal jet engines produce a gross thrust equal to 
the rate of ejection of momentum of a propelling gas. 
The momentum of the jet is related to its content of 
mechanical energy. Thus, the first step in generating 
thrust is to impart to the gas some mechanical energy 
from a storage. 

In thermal engines the energy is transferred to the 
propellant as heat—either by the release of chemical 
energy or by transfer from another heat generator 
such as a nuclear reactor. There are now engines 
under consideration where the energy is imparted to the 
propellant by direct particle acceleration, for instance, 
the magnetohydrodynamic and electrostatic ion accel- 
erators. These engines are in a different class and do 
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Fic. 1. Gross specific air-impulse for turbojets with and without 
afterburner. 


not fall into the framework of the discussion that fol- 
lows. 

The current thermal jet propulsors operate either on 
the Brayton cycle (the turbojet) or on the Rankine 
cycle (the rocket). This classification is perhaps aca- 
demic, and it is preferable to divide them into air- 
breathers and rockets. The latter distinction empha- 
sizes not so much a thermodynamic difference but 
rather the manner in which the engine acquires propel- 
lant. The airbreather does this continually and it is 
necessary to subtract from its output (gross thrust) the 
ram-drag associated with the acquisition of propellant. 
The rocket first accelerates a// the propellant and then 
provides its full gross output to the aircraft without 
drag penalty. For this very reason, a precise compari- 
son of airbreathers with rocket systems requires that 
the complete history of the mission be considered. 
From a thermodynamic standpoint alone, their relative 
gross thrusts are meaningful, but any attempt to com- 
pare instantaneous net thrusts of an airbreathing cycle 
with that of a rocket will always favor the rocket un- 
fairly. 

The gross specific thrust of a Brayton engine and 
that of a Brayton engine with reheat (afterburning) 
are shown on Fig. 1. The basic assumptions underlying 
the calculations are summarized in Table 1. The 
most critical one is the maximum enthalpy (tempera- 
ture) ratio which was chosen to be 10 for the case where 
the machine does not involve rotating components 
(such as a ram-jet or an afterburner) and 6 when rotat- 
ing components are exposed to this temperature. This 
ratio relates the maximum to the ambient static tem- 
perature. For flight above the tropopause (J) = 
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400°R.) the ratios selected imply 3,600°F. and 2,000°F., 
respectively, which are representative of the upper 
limits of current gas-turbine practice. 

The well-known characteristics of the turbojet engine 
are recognizable on Fig. 1. The low-speed performance 
of a Brayton cycle increases with mechanical compres- 
sion ratio, but high-speed performance favors low pres- 
sure ratios. There is a limit, which occurs around 
Mach Number 2!/. for the assumed condition, beyond 
which the ram-jet (no mechanical compression) is best. 
Note that the fixed compression ratio curves exhibit the 
maximum. This maximum exists only if the turbine 
efficiency is less than one. There is an optimum com- 
pression ratio for any Mach Number (dotted line on 
Fig. 1) which represents the performance of an optimum 
nonafterburning engine. 

The afterburning turbojet shows the same trends as 
its nonafterburning counterpart except that the opti- 
mum compression ratio is always higher in the former 
case. Again, at a Mach Number of about 3, the ram- 
jet takes over. It is evident that the combustion tem- 
perature plays the dominant role in determining the 
cycle performance at high speeds. Conversely, at low 
speeds the mechanical compression ratio becomes im- 
portant and then the ram-jet output falls rapidly out 
of the competition. 

To compare the rocket to the temperature-limited 
Brayton engine, it is necessary to choose the rocket 
propellant fairly, and this is somewhat artificial. 
Rocket specific impulses range from 180 to 350 sec. and 
depend on the chamber pressure (although not strongly, 
when the nozzle pressure ratio is large). Most bi- 
propellants result in much higher combustion tempera- 
tures than what was permitted by the Brayton cycle, 
but some solid and monopropellants (for instance, 
ethylene oxide) decompose at approximately the as- 
sumed temperature limit and yield an impulse of about 
180 sec. If an ambient temperature of 400°/R. is as- 


TABLE 1 
Numerical Assumptions in Calculated Results 


Numerical 
Item Assumptions 
(Combustion/ambient static) enthalpy ratio 
3 

(a) for rotating components 6 

(b) for stationary components 10 
Ram recovery (np) Oswatitch 2-cone 

inlet? 

Compressor efficiencies (7-) 0.85 
Turbine efficiencies (77) 

(a) for Brayton engine 0.90 

(b) for rocket-propelled turbines (ATR) 0.65 
Mechanical power-transfer efficiency for 

binary systems (turbofan, etc.) (7p) 0.80 
All other efficiencies 1.00 


Fuel heating value 


18,000 B.t.u./Ibs. 
Specific heat of gas and adiabatic exponents: 


(a) for inlet (cold air) Cp = 0.24, y = 
1.4 
(b) for products of combustion at en- 
thalpy ratio (6) Cp = 0.277, y = 
1.33 


(c) for products of combustion of en- 
thalpy ratio (10) 


Cp = 0.293, v 
1.30 
Rocket chamber function Kp, Eq. (6) 0.7 
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Fic. 2. Family tree of hybrid thrust generators. 


sumed, then it is seen that the rocket [¢/1/T, = 9 
on the one hand, and the ram-jet or afterburning turbo- 
jet on the other, produce approximately the same gross 
thrust. The differences between them lie in their pro- 
pulsive characteristic rather than in their thermody- 
namic structure. 


THE PROPULSIVE PROBLEM 


The utilization of the cycle gross output gives rise to 
a variety of propulsive schemes shown on Fig. 2. The 
various methods of coupling two parallel systems can 
be classified as follows: 

(1) Isentropic coupling consists of an exchange of 
energy between parallel primary and secondary systems. 
The total mechanical work is conserved, but it is dis- 
tributed among a larger mass of propellant. Since the 
specific momentum of a jet is proportional to the square 
root of the specific kinetic energy, such an exchange 
results in an increased specific thrust.* In practical 
applications, this form of coupling describes the turbo- 
fan and the turboprop where the secondary system 
consists of a compressor or a propeller, respectively. 

(2) Coupling by aerodynamic mixing occurs when 
the primary and secondary propellants are brought 
together into a common chamber and allowed to reach 
dynamic and thermal equilibrium by an exchange of 
heat and momentum. This is an irreversible process 
which must result in a net loss of available mechanical 
work. Nonetheless, it can still offer propulsive ad- 
vantages. The ducted rocket is an example of this 
propulsive scheme. 

(3) The simple parallel systems described above can 
be staged: for example, an afterburner added to a 
turbofan results in a parallel two-stage engine—the 
afterburning turbofan. Another engine of this type 
is the air turborocket which differs from the former by 
the use of a rocket instead of a turbojet as its primary 
gas generator. 

The further discussion of these schemes should con- 
sider their propulsive rather than their thermodynamic 
characteristics; that is, the ram-drag must be included 
and the net thrust rather than the gross work output 


*This effect is often described in terms of propulsive ef- 
ficiency. See, for instance, reference 2. 


must be used as a criterion. 
tive excellence are these: 

(1) For simple parallel systems, the net thrust, re- 
ferred to the gas flow rate of the primary system only 
(denoted as the primary-gas specific thrust), describes 
the advantage of using an engine in a hybrid combina- 
tion rather than by itself. 

(2) The net thrust referred to the total flow of pro- 
pelling gas (primary plus secondary), denoted here as 
the combined-gas specific thrust, is indicative of the 
thrust per frontal area of the complete engine since 
this flow-rate is proportional to the engine size. 

(3) The net thrust referred to the flow of fuel, the 
reciprocal of SFC, is a familiar criterion of economy. 

The pertinence of these parameters varies with the 
flight speed range and the application, and they will be 
considered again in retrospect at the close of the dis- 
cussion. 


Some criteria of compara- 


THE TURBOFAN 


In the turbofan a portion of the power produced by 
the primary gas generator is delivered to the secondary 
air stream. The secondary compression ratio and the 
ratio of primary to secondary air flow (the by-pass ratio) 
have an optimum value for maximum total thrust 
which is the function of the flight Mach Number and 
the characteristic of the primary system.} Fig. 3 shows 
the thrust of a turbofan referred to the air flow rate in 
the primary system. In this form, it shows the con- 
siderable benefit which can be derived (at low speeds) 


+ Both the by-pass ratio and secondary compression ratio 
optima depend also on the efficiency of the transfer of power be- 
tween the systems. 


3 
ro 


OPTIMUM PRIMARY & SECONDARY 
COMPR .|RATIO 


BYPASS RATIO 


2 
DN 


° 2 4 6 


NET THrust/ PRIMARY AIR FLOW, (SEC) - 


FLIGHT MACH NUMBER 


Fic. 3. Specific primary air impulse of turbofans powered by a 
primary gas generator shown as curve 5 on Fig. 1. 
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from using a given gas-turbine in this hybrid form rather 
than as a turbojet. However, as the Mach Number 
increases, the optimum by-pass ratio tends to zero, and, 
above M = 3, the turbojet is always preferable. Inci- 
dentally, the primary gas generator specified in this 
calculation has the ‘“‘optimum’’ primary compression 
ratio for all Mach Numbers (curve 5 on Fig. 1). 

The turbofan and the turboprop engines are basically 
the same. However, the efficiency of the secondary 
compressor, when it is a propeller, drops drastically in 
the transonic Mach Number range. Therefore, Fig. 3 
fails to represent correctly the performance of a turbo- 
prop, because the secondary efficiency was kept con- 
stant at 85 per cent in the calculations. 

The complementary criteria—namely, the combined- 
air specific thrust and the fuel-specific thrust—are 
shown on Figs. 7 and 8 for the ‘‘optimum’’ turbofan. 
Note that inasmuch as the fuel economy of the turbo- 
fan is excellent, its combined-air specific thrust is 
always below that of the basic primary turbojet that 
drives it; that is, its thrust per frontal area is relatively 
poor. 


THE AFTERBURNING TURBOFAN AND THE AIR 
TURBOROCKET 


The addition of an afterburner to the turbofan dis- 
cussed above results in an aft-turbofan engine. Since 
this engine approximates two engines in parallel, it is 
only significant to discuss it in terms of its net com- 
bined-gas specific thrust. The primary and secondary 
systems of the aft-T.F. are coupled twice: once isen- 
tropically in the secondary compressor and once by 
mixing in the afterburner. 

Some typical curves for the aft-T.F. engine powered 
by the “optimum’”’ turbojet are shown on Fig. 4. It is 
evident that its behavior is framed in by the perform- 


tor 
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FLIGHT MACH NUMBER 


Fic. 4. Characteristic performance of an afterburning turbofan 
(the turbofans aré those shown on Fig. 3). 
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Fic. 5. Characteristic performance of air turborockets (optimum 
secondary compressor ratio). 


ance of the primary system for vanishing 8, and by that 
of the ram-jet for large by-pass ratios. 

The air turborocket is basically identical to the aft- 
T.F. with only the difference that the primary gas 
generator does not contribute ram-drag. Typical ATR 
characteristics are shown on Fig. 5; again its perform- 
ance lies between that of the ram-jet and that of the 
primary rocket. It offers but a marginal improvement 
over the aft-T.F. Both hybrids are hardly distin- 
guishable in performance from the much simpler ram- 
jet above the relatively low-flight Mach Number of 2. 
Note further that the assumptions of this calculation 
favor the ATR on a comparative basis: the rocket 
specific impulse was assumed to be 180 sec., corre- 
sponding typically to a considerably higher turbine in- 
let total temperature than the 2,000°F. limit imposed on 
the turbofan. 

Comparing the aft-T.F. to the ATR at low Mach 
Numbers, it is seen that the ATR has a higher take-off 
and acceleration capability. This, however, may not 
be realizable in practice. In the foregoing discussion, 
all binary engines were considered to have a division of 
power between the primary and the secondary systems 
required for optimum total thrust—i.e., high secondary 
pressure ratios at low Mach Numbers. Since the tur- 
bine is propelled by the fraction 1/8 of the total air 
flow, its specific work (work per pound of working 
fluid) is correspondingly high. However, there is a 
definite limit to the work that can be extracted in one 
stage of turbine. To indicate the nature of this con- 
sideration which in itself is beyond the proposed scope 
of the present “‘thermodynamic’’ analysis, lines of con- 
stant turbine specific work were included on Fig. 5. 
Along these lines the turbine has roughly a fixed num- 
ber of stages. The required number of stages increases 
rapidly with decreasing design flight speed, and it is 
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necessary to compromise the “optimum’’ performance 
calculated here to remain within the bounds of a prac- 
tical design. 

In conclusion, note that the fuel economy of both the 
aft-T.F. and the ATR are inferior to that of the after- 
burning turbojet. The difference between it and the 
former is small. The ATR is, however, much inferior 
in that respect, in spite of the assumption that the 
products of the rocket exhaust are combustible in the 
afterburner which was made in these calculations. 
(This is possible if ethylene oxide, for instance, is the 
primary rocket propellant.) 


THE TURBO-RAM-JET OR By-Pass ENGINE 


The combination of a turbojet aerodynamically 
coupled to a by-pass duct and followed by a common 
afterburner is a special case of the aft-T.F. for which the 
secondary compressor pressure ratio is zero. It will be 
always inferior to the optimum afterburning turbofan 
as a thermopropulsive scheme. However, this com- 
bination which has been proposed and called the turbo- 
ram-jet deserves mention. In that engine, the em- 
phasis is on a mechanical rather than a thermodynamic 
coupling: with the by-pass blocked, the engine oper- 
ates as a turbojet; with it open (and, conceivably, the 
primary inlet blocked), the engine becomes a ram-jet. 

Extending this artifice further, it is also possible to 
imagine a turbofan operated in this way. In a high- 
speed dash, the secondary compressor blades could be 
feathered and the primary inlet blocked: the engine 
would be an afterburning turbojet. At low speeds both 
the primary and secondary duct would function, but 
the afterburner would not be lit: the engine would 
operate as a turbofan. 

It is evident that by thus switching from one engine 
type to another, an exceptionally wide performance 
range is attainable. On the other hand, the combina- 
tion does not in any way extend the limit of its indi- 
vidual components. 


THE DucTED ROCKET AND THE RAM-ROCKET 


A rocket coupled by aerodynamic mixing to a second- 
ary air stream is a ducted rocket, and, if the combina- 
tion is followed by an afterburner, it is a ram-rocket. 
These are by far the simplest binary engines. 

To analyze the performance of these systems, it was 
assumed that mixing occurred at constant pressure 
equal to the stagnation pressure of the low-energy 
stream. The streams were allowed to mix completely 
before entering the afterburner. The rocket specific 
impulse was assumed to be 180 sec., as before; and the 
ratio of exhaust to stagnation enthalpy for the rocket 
gas generator (operated alone) was taken to be 0.3. 
(This specifies implicitly a rocket chamber pressure.) 
Characteristic results are shown on Fig. 6. 

It is notable that a fixed by-pass ratio does not 
signify an approximately fixed relative size of primary 
to secondary system in rocket-powered binary engines 


as it does with airbreathers. As the Mach Number 
increases along a fixed 8 line, the secondary duct be- 
comes geometrically larger in proportion to the primary 
rocket. 

The ram-rocket is completely flexible because 
nothing restricts the choice of by-pass ratio. It provides 
any combined-specific thrust between that of the ram- 
jet and that of the rocket which powers it. In con- 
nection with this engine, it is easy to imagine a variable 
by-pass inlet which would permit any thrust level in 
the entire range of flight Mach Numbers, subject only 
to considerations of fuel economy. (Note, however, 
that the ram-rocket is limited to Mach Numbers for 
which the ram-temperature reaches our specified limit, 
although its net thrust does not fall off to zero at that 
point.) 

The ducted rocket is seen to produce more thrust 
than the rocket itself over limited ranges of Mach 
Numbers which depend on the specific impulse of the 
primary rocket. Outside of these regions the irrevers- 
ible energy losses in mixing dominate. However, its 
fuel consumption (see Fig. 8) is smaller than that of 
the rocket throughout the range considered. 


HIGH-SPEED POTENTIALS OF BRAYTON ENGINES 


At low speeds the specific thrust (proportional to 
thrust per unit frontal area) is not a governing consid- 
eration because the drag per frontal area of the vehicle 
is low. Consequently, the engine with the best specific 
fuel consumption is superior, and Fig. 8, rather than 
Fig. 7, depicts the degree of excellence of the propulsive 
schemes. Conversely, at high speeds, the problem of 
merely meeting the thrust required overshadows often 
the considerations of economy, and Fig. 7 is more per- 
tinent. Following this thought, sections of the engine 
characteristics on Figs. 8 and 7 were darkened in the 
flight regions to which these engines seemed particu- 
larly well suited. 

The overall trends of the foregoing results confirm 
the established succession of propulsors as the flight 
speed increases: the propeller, the turbofan, the tur- 
bojet without and then with an afterburner. The 
ram-jet, which is a natural successor to the turbojet, is 
unfortunately restricted by its lack of take-off thrust. 


3 
srecimc it) 
THE DUCTED ROCKET 
RATIO“S 


THE RAM~- ROCKET 


Fic. 6. Characteristic performance of ducted rockets and ram- 
rockets. 
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(Twin-engine systems such as ram-jets with rocket 
take-off boost are not included in this discussion.) 
The more exotic combinations fail to match, in general, 
the performance or the simplicity of these principal 
thrust generators. This does not imply, of course, that 
there do not exist specific missions for which one of 
these engines is particularly well suited. In particular, 
the turbo-ram-jet has a place in application to unusually 
large Mach Number range missions. 

Starting at Mach Numbers of 3, between the domain 
of the turbojet and that of the rocket, a wide gap in 
available specific impulse opens rapidly. This is an 
important range because it may become included in 
the range of continuous flight of manned aircraft. 
Only the ram-rocket seems to be available to fill this 
gap. This is a flexible engine which can also use the 
mechanical artifice of variable by-pass to change from 
a pure rocket to a pure ram-jet with even less difficulty 
than the turbo-ram-jet. Indeed, it cannot compete 
with the latter in the low supersonic range, but it is 
certainly the only one of the schemes discussed which 
is capable of extending substantially the range of air- 
breathing engines (for a given combustion tempera- 
ture). 

Of course there is a Mach Number beyond which the 
net thrust of the airbreather is zero and the rocket 
alone is available to produce useful thrust. Where 
this occurs depends on the stagnation enthalpy (tem- 
perature) of combustion. However, the limit on maxi- 
mum temperature cannot be removed arbitrarily be- 
cause the problem of materials capable of withstanding 
it is the most inflexible condition power-plant engineers 
must deal with. It is possible, however, to exchange 
temperature for time of operation. This is, in a sense, 
a feature of the ballistic rocket: it operates at extreme 
temperatures for a very short time. 


In analogy, one might consider now a “‘ballistic 
ram-jet’’ or ram-rocket which is permitted to operate 
at a high combustion temperature, provided one does 
not require it to have a long duration. The range of the 
airbreather can thus be extended to Mach Numbers as 
high as 8or 10. For example, such an engine may find 
an application to the second stage of a skip trajectory: 
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Fic. 7. Summary: Characteristic net thrust per Ib./sec. com- 
bined gas flow of hybrid engines. 
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a rocket boost, momentum glide, a second-stage boost 


followed by the final glide. For a fixed burning time, 
the airbreather required to provide a given energy in- 
crement would be larger than a rocket but lighter than 
it in proportion to their fuel rate, which may constitute 
a considerable advantage. 

In concluding a thermodynamic discussion of power 
plants, one might recall other modifications of the basic 
cycle which have been studied. Intercooling and re- 
generation,*® as well as continuous reheat (isothermal 
expansion®), have been shown to offer but marginal 
overall improvements in applications to aircraft, par- 
ticularly at high speeds. But the isovolumic combus- 
tor (used in the earliest reaction-propulsion schemes in 
production, the pulse-jets) seems to offer advantages 
worth further development effort.’ Perhaps the out- 
standing feature is that it is capable of giving the ram- 
jet a much needed static thrust capability. 


APPENDIX 


The principal equations and the main assumptions 
underlying this analysis are briefly reviewed in this ap- 
pendix. 

The net specific impulse of any binary engine is 
written as 


bef Geof + 0 TO = 
(6+ yR/g My (1) 


where @ is the ratio of secondary to primary propellant 
rate and 6 is the ratio of propellant mass acquired from 
the atmosphere to the total in the primary system. 
Thus, for a pure rocket 6 = 0 and for a turbojet 6 ~ | 
(neglecting the mass of fuel added). 

The gross specific impulse of a Brayton engine is 


VT) g \ho ne \hs 


+ (Ti/To) Lar — 


where the compressor work function Y is: 
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Fic. 8. Summary: Characteristic net fuel-specific thrust of 
hybrid engines. 
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Y = — 1] (3) 


The ram-jet is a particular case of the above when Y = 
Qor P2/P; = 1 

For binary engines, Eq. (2) can easily be modified by 
subtracting from the primary work output the work 
delivered to the secondary system, adding the primary 
P and secondary B impulses and optimizing. It is 
found that the specific impulse of the binary system 
with optimum power division is (per pound of primary 
propellant rate): 


(Ir/V Toor = 
{(1 + Bnre)(er?/To)(1 — er) + (8/nrr)G]}"? — 
(6+ B)VyR/g Mo (4) 
where 
G = (2ICp./g) [(T1/To) — 


by a further optimization, the best by-pass ratio 8 for 
this system can be found. The equations are alge- 
braically involved and will be omitted. The term er 
in Eq. (4) describes the energy made unavailable in 
the power turbine; it is numerically approximated by 
er ~ (1 — nr/2). 

The coupling by aerodynamic mixing is assumed to 
occur at constant pressure. This is an arbitrary as- 
sumption, but the simplest one. The equations of 
momentum, continuity, and conservation of energy are 
then transformed in terms of the impulse of the unmixed 
streams. When the mixing chamber pressure equals 
the stagnation pressure of the low-stagnation-pressure 
stream 


({gR2/(8 + 1)] + {[1 + B(Ke/Kp)]/(1 + (5) 


where 
R = Ies/lep 
and K=1-— (h/h stagn.) [1 = 


where Tgp and Jg¢g (gross impulses) and Kp and Kez 
are parameters specifying the primary and secondary 
system if they were unmixed. One can show that the 
impulse of the mixed stream is higher than the sum of 
the stream impulses if unmixed when 


Kp/Kp > 2R — R? (6) 


Values of Jgp and gs can be obtained from the 
analysis of the particular system. Also the increase in 
impulse due to reheat of the mixed gas follows directly. 

Equations for the performance of two-stage (after- 
burning) cycles can be derived in a similar way. The 
afterburner is considered as a ram-jet which is supplied 
with the output of the preceding portion of the cycle. 
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- PAPER will review some of the 
problems associated with the exit and re-entry portions 
of long-range ballistic rocket trajectories. These 
problems arise from the nature of the distribution of 
velocity and acceleration along ballistic trajectories in 
an atmospheric medium and generally are not as yet 
well understood in detail. In many instances their 
importance can be estimated only by an order of mag- 
nitude analysis; in such a way many gross effects—for 
example, those classified as magnetohydrodynamic— 
can be shown to be of second-order importance insofar 
as the aerodynamics of the present-day rocket is con- 
cerned. 

With the rapid progress made recently in the hard- 
ware development phases, coupled witi: the inherent 
difficulties of laboratory simulation, it is most prob- 
able that the problems associated with any specific 
design will be overcome successfully by full-scale trial 
and error testing before adequate background data for 
full understanding of the problem are available from 
laboratory testing. The laboratory work, however, 
will form the basis of long-term investigation, yielding 
understanding of the physical parameters and methods 
of improving and generalizing. 

The format to be followed in this paper will be that 
of initially considering the nature of typical ballistic 
trajectories in order to establish the range of values of 
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pertinent parameters, then considering the various 
phases of some of the flight problems associated with 
the range of parameters indicated, and finally discussing 
some of the current laboratory simulation equipment. 
No pretense is made regarding the completeness of this 
paper; at best, the authors hope it will point out some 
phases of general interest and current activity. 


TYPICAL BALLISTIC TRAJECTORIES 


The characteristics of rocket motors are such that 
they provide large short-duration thrusts and hence 
are most profitably used in a boost-glide type of tra- 
jectory. To a fairly good approximation, the long- 
range rocket travels in a ballistic trajectory (an elliptic 
path with the center of the earth at a focal point); 
the satellite orbit is a particular case of such a trajectory. 

The following relations concerning ballistic trajec- 
tories between points on a spherical earth illustrate 
some of the principal features. The initial velocity re- 
quired to achieve a range d is 


V = V.MVsin (d/D)/{1 + sin (d/D)] 
[(0<d< (x/2)D] (1) 


where V, = +/gD is the escape velocity (25,000 m.p.h.), 
and D is the earth’s diameter. The maximum height 


of the missile above the earth (apogee height) is 
maz = (D/4) [sin (d/D) + cos (d/D) — 1] (2) 
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In the case of an orbital vehicle, the velocity required 
to remain in an orbit h miles above the earth is 


Voit = 2[1 + 2(h/D)] (3) 


The flight time in a ballistic trajectory between two 
points on the earth’s surface is 


n a 3/2 1 


1 in (2d/D 
sin ( ) ) (4) 


-sin-!a+ 


2 (1 + sin d/D)? — 
where 
a = cos (d/D)/[(1 + sin (d/D)], [0 < d < (x/2) D] 


Fig. 1 shows the launching velocity, apogee height, 
and time of flight for a ballistic trajectory plotted ver- 
susrange. Fora rangeof d = (1/2)D (halfway around 
the world), these quantities correspond to a circular 
orbit near the surface of the earth. Such elementary 
considerations indicate the extreme velocities and alti- 
tudes involved in long-range ballistic missile trajec- 
tories—for example, a ballistic missile with a 6,000- 
mile range must achieve a velocity of 16,000 m.p.h. and 
a maximum height of 820 miles above the earth’s sur- 
face. 

Typical trajectories for a ballistic missile, a satellite 
vehicle, and a long-range glide bomber are shown in 
Fig. 2. We may divide the trajectory into three 
regions: (1) the boost phase, (2) the coasting phase 
outside of any appreciable atmosphere, and (3) the 
re-entry phase into appreciably dense atmosphere. 

The boost phase starts at the earth’s surface and 
generally continues through the denser regions of the 
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earth’s atmosphere, terminating in a high velocity in- 
vacuo ballistic trajectory. Boost phase dynamics are 
generally complex; neglecting drag and gravity in re- 
lation to thrust, the equations of motion can be in- 
tegrated to yield the well-known relation 


V=clogR 


where V is the velocity achieved by a rocket with an 
initial to final mass ratio R, and c is the exhaust velocity 
of the gases. For short-range rockets (such as the 
V-2), the relation shown in Eq. (5) gives a final ve- 
locity 25 per cent too high because of neglect of drag 
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Fic. 3. Illustrative model of ICBM showing flight before and 
after first-stage separation. 


and gravity terms; for a vehicle achieving orbital ve- 
locities, the equations would be in error by only about 
5 or 10 per cent. In order to achieve maximum effi- 
ciencies, staging is used; this consists of using multiple 
rocket motors in series. There is an optimum take-off 
acceleration which leads to velocities in the lower at- 
mosphere for which there is a minimum penalty to 
both gravity and air resistance. For large liquid-fuel 
rockets, the initial acceleration is generally much lower 
than this optimum, but when high acceleration solid- 
fuel boosters are used the opposite is often true. 

A multiple-stage rocket is illustrated in Fig. 3; it is 
taken from the conception given in Life magazine re- 
garding the current Russian ICBM configuration. 
We use it here only as an unclassified illustration of 
possible multistage long-range rocket vehicles. Drag 
separation of the booster stages can be employed at 
altitudes where adequate air density exists; beyond, 
thrust separation is employed. To illustrate possible 
first-stage drag separation, a model was launched in 
the CARDE Aeroballistics range; in-flight shadow- 
graphs illustrate first-stage separation at a Mach 
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Number of 4. The booster separation dynamics must 
be such as not to disturb unduly the remaining stages, 
The final payload weight is but a small percentage of 
the all-up weight before launch; Fig. 4, based on cal- 
culations along the line suggested by Vertregt,! shows 
the ratio of payload to all-up weight as a function of 
Mach Number for one-, two-, and three-stage ballistic 
missiles where it was assumed that the mass ratios and 
structural ratios of the stages are equal. The overall 
mass ratio R (equal to the product of the mass ratios 
of the individual substeps) required to attain a certain 
range is calculated from Eq. (5), using for V the initial 
velocity in a ballistic trajectory for that range. For 
an N-stage missile, the ratio of launching weight to 
payload is 


Pe RS — (6) 


where S = structural ratio = weight of (structure 
+ fuel)/(weight of structure) of a substep of the rocket. 

The importance of a high exhaust velocity and high 
structural efficiency and the value of staging in keep- 
ing launching weight down are most evident from Fig. 
4(b). 

During the flight phase which takes place between 
the end of launch and re-entry into an appreciable 
atmosphere, in-vacuo flight may be considered to occur 
with velocities commencing at the high ‘‘end of launch” 
value, decreasing to a minimum at the apogee, and then 
increasing again as the vehicle descends until drag 
effects become appreciable. During this portion of the 
flight the main phenomena to be considered are (1) 
collision with meteorites (negligible probability) and 
with micrometeorites (common but not dangerous) 
and (2) the heat balance between energy received by 
radiation from the sun and that lost by radiation from 
the body. 
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Re-entry into significantly dense parts of the earth’s 
atmosphere can occur at Mach Numbers as high as 
25. With a relatively dense payload vehicle, drag does 
not become appreciable above approximately 40 miles 
altitude, the exact height depending on the re-entry 
shape; on the other hand, aerodynamic heating starts 
to be significant at twice this altitude. Depending on 
the re-entry mass and shape, the payload vehicle will 
decelerate rapidly, with deceleration increasing with 
decreasing altitude until a maximum is reached; after 
this the deceleration decreases, with the possibility of 
both subsonic and supersonic terminal velocities. 
Fig. 5 taken from reference 2 illustrates the re-entry 
deceleration curve for two possible vehicle configura- 
tions based on an assumed drag to mass ratio of 0.01 
in the slip flow region. The re-entry problem is thus 
seen to embrace the regions of low density flow, and 
free-molecular and slip flow at extreme hypersonic Mach 
Numbers, as well as supersonic and hypersonic con- 
tinuum flow and possibly transonic and high subsonic 
flow problems. We shall confine the discussion of the 
rest of the paper to the extreme hypersonic Mach 
Number problems. 


SPECIFIC PROBLEMS 


The estimation of the extent of the free-molecule, 
slip, and continuous flow is based on the currently 
accepted definitions. Free-molecule flow is considered 
to be established* when 


mean free path of gas molecules 


typical length of object in flow ae 

For bodies of practical sizes this usually defines flight 
above 120 miles. In the free-molecule flow regions, 
flight velocities are generally high, with Mach Num- 
bers in the region 10-30 considered typical. The slip 
flow region is the altitude band between continuum 
and free-molecule flow; slip flow is considered to com- 
mence* when 


mean free molecular path 
displacement thickness of the boundary layer 


0.01 


which in general is considered to occur at about 40 miles 
altitude. Re-entry velocities in the slip flow and con- 
tinuum region can extend up to Mach Numbers in the 
order of 20. 


Flight Problems in the Free-Molecule Region 


In this region of the earth’s atmosphere, the ex- 
tremely low densities eliminate conventional forms of 
aerodynamic stability and control. For large density 
re-entry bodies, drag is of negligible importance in this 
region as illustrated in Fig. 5. However, for low den- 
sity bodies with long flight times, such as the satellite 
vehicle, drag can be significant. Estimation of drag 
follows the work of Tsien* and Ashley.‘ These cal- 
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Fic. 6. Equilibrium temperature at 26,000 ft./sec. of plate 
normal to stream. 
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Fic. 8. Surface temperature at stagnation point of a hemi- 
spherical nose—Mach 5, 175,000 ft. altitude (NACA TN 35138). 


culations are based on gas-kinetic theory. The as- 
sumption of simple reflection (either diffuse or specu- 
lar) of molecules from the vehicle airframe is question- 
able since a considerable proportion of the molecules 
may be adsorbed on the surface and later emitted in 
random directions having attained a temperature equal 
or less than the surface temperature. This tends to 
increase the drag considerably—for instance, with 
complete adjustment to surface temperature, the 
drag would be ten times the value estimated by as- 
suming specular reflection.® 

Heating effects both aerodynamically and by in- 
solation must be considered in this region. Theoretical 
heating investigations have been made by Stalder and 
Jukoff® using gas-kinetic theory. Fig. 6 taken from 
their work shows the equilibrium temperature of a 
flat plate in steady flight normal to the windstream as 
a function of altitude with and without solar radiation. 
The plate velocity is 26,000 ft./sec. It may be seen 
from this figure that, above 100 miles, aerodynamic 
heating is of little practical importance, the equilibrium 
being determined primarily by solar radiation. 


Flight Problems in the Slip Flow Region 


Analysis of very high Mach Number flow problems in 
the slip flow regime is complicated by the occurrence of 
high-temperature real gas effects (dissociation, gas 
reactions, etc.) and by the existence of extensive regions 
of thermodynamic nonequilibrium flow about the 
body. Estimations of slip flow effects have been made 
by Mirels’ and others.’ Dissociation effects are esti- 
mated only roughly because of the lack of adequate 
data on the properties of air at high temperatures 
(relaxation times, reaction rates). The National 
Bureau of Standards’ and others” have extended cal- 
culations of equilibrium specific heats, enthalpy, and 
dynamic viscosity to over 16,000°K. as a function of 
pressure and temperature in the dissociation region. 

At lower Mach Numbers, where temperature affects 
the gas composition only in a negligible manner, low 
density tunnel facilities can be used to check many of 
the effects. Considerable empirical data have been 
thus obtained for predictiiig aerodynamic and heat- 
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transfer characteristics, at least over the Mach Number 
range below 5. 


Flight Problems in the Continuum Flow Region 


High hypersonic Mach Number flow in the con- 
tinuum region is characterized by associated high 
temperature, where real gas effects cannot be neglected. 
Fig. 7 shows the variation of stagnation temperature 
with Mach Number and altitude for blunt bodies, 
Again large regions of thermodynamic nonequilibrium 
airflow exist. The effects of velocity gradients on heat- 
transfer rates at the forward stagnation point become 
important, and, above Mach Numbers of 8 to 10, disso- 
ciation affects appreciably the rate of laminar heat 
transfer. 

Stability and control problems in the Mach Number 
range of interest here can be studied by application of 
hypersonic similarity laws, where real gas effects can 
be considered of second-order importance. Drag, 
however, can be influenced considerably by boundary- 
layer characteristics and hence real gas effects. For 
example, it has been observed that a slight blunting of 
the body leads to a large downstream movement of 
the transition point. Moeckel and Brinich'’ have 
attributed this effect to the decrease gf boundary-layer 
Reynolds Number caused by the formation by the 
curved shock front of a favorable stagnation pressure 
gradient normal to the surface. The possibility of 
maintaining a laminar boundary layer is of great im- 
portance for vehicles such as skip-missiles which must 
maintain high speed. 

Reshotko and Cohen'* and others!‘ have discussed 
the local heat transfer in the presence of a velocity gra- 
dient but with negligible dissociation. Fig. 8 taken 
from their report shows the internal cooling required 
to maintain the surface temperature at the stagnation 
point below its equilibrium value. The object is a hemi- 
spherical nosed body at Mach Number 5 (175,000 ft. 
altitude). The effect of radiation on the temperature 
is evident. 

Lees" has investigated the effects of dissociation on 
laminar heat-transfer coefficients. The actual con- 
ditions in the boundary layer lie between the limits of 
complete dissociation equilibrium and negligible re- 
combination rates. In the former condition, the atom 
and molecule concentrations are in equilibrium at all 
points in the flow. In the latter case diffusion of atoms 
across the streamlines and along the temperature 
gradient to the surface, where heat release by catalytic 
recombination occurs, affects the heat-transfer coeffi- 
cient. The concentration of electrons and ions in 
equilibrium is so low below Mach 25 that their effect 
can be neglected safely. 

To determine pressure coefficients, a modified New- 
tonian flow theory c, = Cy,,,, Cos” 0, where is the angle 
between the normal to the surface and the flight path, 
has been found applicable over a wide range of blunt- 
ness. The assumption of loss of air momentum nor- 
mal to the surface, inherent in the Newtonian theory, 
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is retained, but the stagnation pressure coefficient is 
taken as that for the flow Mach Number after the 
shock. 


METHODS OF LABORATORY SIMULATION 


Laboratory simulation of extreme hypersonic flight 
conditions (Mach Numbers in excess of 10) is extremely 
difficult owing to the large thermal energies required 
to effect temperature simulation. Short of full-scale 
free-flight testing, there appears at present no single 
experimental tool capable of yielding all the necessary 
information. The laboratory approach, unsatisfactory 
as it may be, must be that of gathering data from 
whatever facility available, estimating the required 
corrections to take care of the effects not simulated. 
The suitability of a particular testing facility can be 
estimated only in relation to the particular parameter 
to be studied; in this respect we must differentiate 
between those problems which are sensitive to tem- 
perature simulation and those which are relatively un- 
affected by the real gas effects introduced at high 
temperatures. We generally consider aspects of overall 
stability and control to fall in the latter group; 
this, however, must be regarded critically in view of 
the dominance of boundary-layer effects in the hyper- 
sonic range. Drag measurement, for instance, may be 
considerably in error, if real gas effects are not simu- 
lated, since friction drag is a major contributor to total 
drag and is influenced considerably by the boundary- 
layer profile. 

Many types of facility are being developed for lab- 
oratory investigation of various flight problems in the 
Mach Number range greater than 10. The similarity 
parameters for this case are exceedingly complex; 
Mach Number, Reynolds Number, Nusselt Number, 
Prandtl Number, Knudsen Number, etc., must be 
matched to the full-scale problem, as well as the correct 
flow regime (continuum, slip, or free-molecule flow) 
established. 

Intermittent wind tunnels using helium as the work- 
ing fluid have been developed by Bogdonoff at Prince- 
ton University '* and applied to the study of flow about 
wings and bodies of revolution. These facilities suffer 
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from the disadvantage that temperature and real gas 
effects are not simulated. 

Various forms of shock-operated, short-duration 
facilities which reproduce free-flight Mach Number and 
stagnation temperatures in the correct flow regions 
are in operation in the United States” and in England." 
A typical shock tunnel facility is schematically illus- 
trated in Fig. 9, along with the associated character- 
istics diagram illustrating the time history of the 
process. In these facilities a chemical reaction (such 
as a hydrogen-oxygen combustion) is used to produce 
a high-temperature, high-pressure driven gas which 
ruptures the diaphragm into the driven gas chamber. 
The transmitted shock wave accelerates the driven gas 
to a maximum supersonic Mach Number of just 
greater than 3, ruptures the second diaphragm, and 
allows supersonic expansion through the nozzle section 
to ultimate Mach Numbers in the order of 20 to 30 
with free-flight stagnation temperatures reproduced. 
To achieve a more nearly ideal case, boundary-layer 
control is introduced by suction at the throat. 

For the ideal case (which neglects disturbances intro- 
duced at the throat, boundary-layer growth, and vari- 
ous molecular effects such as recombination), the 
maximum times of steady flow (the running time) at 
any position in the expanding section is the time be- 
tween passage of the secondary shock front (established 
by diffraction of the primary shock on passing through 

the nozzle) and the passage of the primary contact 
surface. For the hypersonic shock tube, starting proc- 
esses and similarity conditions have been considered 
by Glick ef a/."° and Henshall.” Limitations of this 
type of facility are concerned with the short running 
time and the unsolved flow calibration problems. 

Simulation of temperature without Mach Number 
simulation is commonly achieved by the use of rocket 
exhaust, plasma jets, and solar furnaces. These per- 
mit studies of material behavior, thermal stresses, etc. 

Simulation of the correct Knudsen Number at 
Mach Numbers up to about 5 has been carried out in 
low density wind tunnels. Such facilities give an in- 
sight into low density effects but up to the present time 
have not been able to reach hypersonic Mach Numbers. 

The hyperballistics range offers another facility for 
the study of flight problems in the high hypersonic 
Mach Number region. Such a facility, under develop- 
ment at the Canadian Armament Research and Devel- 
opment Establishment, is shown here in Fig. 10. In 
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this design a light gas gun using a hydrogen-oxygen 
mixture and with hydrogen as the working fluid is used 
to launch 1/2-in. diameter models at the desired 
Mach Number into an evacuated range. The dump 
chamber is used to trap the heated hydrogen gas 
following the projectile and to duct it outside the lab- 
oratory building. The range itself is 2 ft. in diameter 
and some 60 ft. in length and is instrumented with two- 
dimensional spark photographic stations to measure 
the trajectory. The gas inside the range can be con- 
trolled in pressure and content. 


Whereas firing ranges are readily calibrated, the ob- 
servation and measuring problems are extremely diffi- 
cult and the type of model is limited by the large 
launching loads. Models weighing in the order of a 
few grams can be launched at velocities up to 20,000 
ft./sec. Heavy models (weighing in the order of a few 
pounds) can be fired at Mach Numbers as high as 
10 by using a heavy gas atmosphere (such as freon) 
in a ballistics range with a normal supersonic gun 
launcher. 
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A panel discussion by business executives on the topic of planning 
future products and services based on today’s experimental research. 


Edward A. Ledeen 
Curtiss-Wright Corporation 


a for air- and spacecraft, propulsion systems, 
missiles, and supporting hardware was at a virtual 
standstill and the fog of uncertainty brought on by de- 
fense budgeting changes hung over planning generally 
when the IAS 26th Annual Meeting was held in New 
York in January. 

The clouded atmosphere, however, could not have 
been better for the discussion on ‘Long-Range Plan- 
ning’ during the Engineering Management Session. 
Three hundred fifty members of the Institute grasped 
the opportunity to hear business executives speak on 
the subject. Many participated in an illuminating dis- 
cussion period. 

Chairman and moderator of the session was Joel 
Jacobson, Vice-President and General Manager, Air- 
craft Armaments, Inc. Panel members were W. B. 
O'Neal, Engineering Vice-President of Hayes Aircraft 
Corporation; R. L. Bortner, Chief Engineer—Adminis- 
tration, Republic Aviation Corporation; Garrett Cov- 
ington, Vice-President—General Engineering, McDon- 
nell Aircraft Corporation; and W. G. Purdy, Director, 
Systems Development Division, The Martin Company. 

In prepared remarks on “A Plan for Long-Range 
Planning,’ Mr. O’Neal examined requirements of a 
procedure which he said might be expected to exert 
much control over the long-range workload and, thus, 
over long-term planning. 

The speaker declared that establishment of goals 
(that must be broadly but concisely stated) is the first 
step and one falling to top corporate management. 
The remaining steps, he observed, “‘fall squarely upon 
engineering management’ and suitable research pro- 
grams must be established. ‘We will have to define our 
fields of interest, making sure that such diversification is 
provided as will ensure adequate volume of successful 
conclusions in the face of probable failure in some fields 
and marketability changes in others. We must examine 
our programs for proper depth, as well as breadth, 
since the more basic our research, the more distant—but 
perhaps more gratifying—will be its rewards. We must 
carefully assess the findings along the way for possible 


A specially prepared digest of the Engineering Management 
Session, IAS 26th Annual Meeting, N.Y., Jan. 27-30, 1958. 

The author is Manager, Component Operations, Wright Aero- 
nautical Division. 


Long-Range Planning 


application as saleable products or services. We must 
be equally ready to scrap a favorite project or undertake 
an unfamiliar field as data from market assessments and 
technical achievements (or the lack of them) dictate.” 

The Hayes Aircraft executive added: ‘‘A further re- 
sponsibility falls upon us to ensure that the necessary 
programs fit into an establishment budget. In the 
event that our company’s financial position precludes 
establishment of an adequate research budget, we may 
be faced with the alternative of selling research either in 
whole or in part to an interested customer. Here again, 
the burden falls upon engineering to do the selling since 
it would be hard to visualize successful sales efforts by 
other than the enthusiasts who expect to participate in 
the desired programs. 

‘“‘Now once we have set our research program in 
motion and have provided ourselves with necessary 
procedures for its guidance and assessment, we can pro- 
ceed with the deductive portions of our long-range 
planning. Here, it is true, some considerable element of 
speculation becomes apparent since timing of the results 
of our research cannot always be controlled with great 
accuracy. We nevertheless are still at liberty to in- 
tensify or extend our research efforts if necessary to 
produce results at a more rapid pace or to reduce the 
effort if ‘project of opportunity’ should produce a por- 
tion of the production workload indicated by the com- 
pany-established objectives. Obviously, we would 
undertake to capitalize upon unexpected but pertinent 
programs, just as we would expect an alert football team 
to cover its opponent’s fumbles, even though such 
events were not anticipated in our master plans.”’ 


Mr. Bortner, in observations readied prior to the 
session under the title of “Some Principles for Long- 
Range Planning,’ cautioned that ‘‘long-range planning 
can be heady stuff and one must guard against being 
carried away under its influence. It is good medicine, 
but good medicines are often strong and should be 
treated with respect. In any enterprise, looking 
ahead—trying to guess what the future might hold and 
making plans to best meet those predicted circum- 
stances—has to be as basically right and sound as 
working hard, seeking the truth, or being inherently 
honest. To take any other point of view is to invite 
being labeled, with justification, irresponsible.” 
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The Republic Aviation administrator cautioned that 
extreme care must be taken to avoid falling into the 
pitfalls of “‘inflexibility’’ and ‘‘premature action.’’ The 
former, he said, can be disastrous in long-range plan- 
ning, adding: ‘‘Unwillingness to discard or drastically 
change a carefully thought-out plan when changing 
circumstances dictate generally stems from a failure to 
remain objective. Pride of authorship is a very human 
weakness. The creator of a plan often becomes so in- 
trigued with the desirability of its fulfillment that his 
judgment deteriorates and he is loathe to recognize 
anything which might place his plan in an unfavorable 
light.” 

As a historic illustration, Mr. Bortner cited Hitler, 
who, despite the unexpected stubborn resistance of the 
British and the entry of the United States into the war, 
never revised his plan for conquest. 

Mr. Bortner said that the pitfall of ‘‘premature 
action”’ also can be called one of poor timing and ob- 
served that “‘sooner or later any plan that has been 
kept current with changing conditions reaches a point 
where some action is required if it is to benefit the plan- 
ner.... Plans which are constantly reviewed and 
changed to keep them current become more and more 
firm with the passage of time. The need for caution 
and flexibility diminishes as the predictions approach 
reality. Action taken too early in this process, however, 
destroys flexibility when it is needed and commits the 
operation to follow a ‘half-baked’ plan.” 

A comprehensive review of planning as carried out 
by McDonnell Aircraft was given by Mr. Covington, 
who asserted that ‘the huge capital expenditures, and 
the long-term commitments which are necessary in 
order to compete in a highly technical industry such as 
ours, are so important that we must take advantage of 
even the most nebulous of helpful factors.’’ He re- 
ported that at McDonnell long-range engineering plan- 
ning is a two-stage operation—a 5-year plan and a 1- 
year plan. The former, Mr. Covington said, is revised 
at 6-month intervals, and the 1-year plan “‘is simply the 
most recent look at the first year of the 5-year plan, and 
it is revised every month.” 

The first and most difficult step in assembling Mc- 
Donnell’s 5-year plan is the listing of projects and pro- 
grams which it is believed the company will be engaged 
in over the half decade, Mr. Covington said. ‘These 
listings are prepared from data received from many 
sources, such as the Customer Service Division, Pre- 
liminary Design Department, Contract Division, Mas- 
ter Planning Department, Research Department, vari- 
ous customer contacts, and in-puts by top-level manage- 
ment personnel. The initial listings are carefully 
screened by committee action and refined into listings 
containing only those items considered to have reason- 
able chance of actually being authorized for work.” 
Mr. Covington then gave the following general break- 
down in tabulating the planned workload: 


“(a) Listing of all current ‘firm’ contracts with indi- 
cation as to their magnitude and time spans. Included 
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in this ‘firm’ business is a statistical allowance for en- 
gineering change requests from our customer. 

(b) Listing of company-financed programs. This 
may consist of research and develoment projects, pre- 
liminary design projects, or jumping the gun on projects 
which we hope will be authorized by one of our cus- 
tomers. 

(c) Tabulation of anticipated ‘carry-on’ contract 
work. This means future contracts for further quanti- 
ties of our existing ‘family’ of aircraft. These additional 
orders are usually forthcoming at yearly intervals from 
what is termed governmental ‘fiscal year appropria- 
tions.’ 

(d) Future ‘new’ contracts. This category covers 
aircraft, helicopters, convertiplanes, missiles, etc., of a 
new type so radically different from our present prod- 
ucts that they cannot be classed as ‘carry-on’ con- 
tracts.” 


Mr. Purdy, in prepared remarks on ‘Long-Range 
Planning,’ drew two conclusions concerning long-range 
planning in the air industry. 

The first was that ‘change is the very foundation on 
which our industry is based. Being prepared to react 
to external changes is not enough. An adequate long- 
range plan in our business must provide for self- 
initiated change. The opportunistic approach is far 
from obsolete. In my opinion, it is Basic to our type of 
business.” 

His second conclusion was: ‘‘For any plan to be effec- 
tive, there must be a commitment to implementation. 
To implement in the face of my first conclusion requires 
a highly capable engineering organization which is suf- 
ficiently broad in its talent roster to be able to conceive 
competent solutions to any engineering problem and 
which is highly flexible in terms of its ability to react 
quickly to new inputs. This organization, in addition, 
must occupy itself to the maximum extent allowed by 
corporate resources with company-sponsored research 
and study efforts for here are found the seeds for the 
change so necessary to our business.” 

I. N. Palley, Vice-President—Engineering, Temco 
Aircraft Corporation, opened the discussion period with 
some pointed remarks concerning the ultimate goal of 
engineering management in both short- and long-range 
planning. “In general,’’ he observed, ‘‘engineering 
management planning is directed toward corporate 
profit.” 

Mr. Palley’s opening comments provided the spark 
for discussion concerning long-range government plan- 
ning, procurement, and general defense budget stabil- 
ity. Participants in the exchange of philosophies were 
George S. Trimble, Jr., Vice-President-Engineering, 
The Martin Company; William Bergen, Executive 
Vice-President, The Martin Company; Franklin Car- 
roll, Chief Engineer, United Aircraft Products; Clifford 
E. Willis, Vice-Presideiit and General Manager, 


National Water Lift Company, Division of The Cleve- 

land Pneumatic Tool Company; Brig. Gen. Don Zim- 

merman, Deputy Director of Development Planning, 
(Continued on page 71) 
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Guidance and Control Problems in the 


Air Force Ballistic Missile Program, Port 1 


Eprror’s Nore: 


This coneluding part of Dr. Fletcher's report, which was begun in last month’s special issue 


of AERO/SPACE ENGINEERING, discusses inertial guidance problems, equipment design, and . 
future trends. Subjects discussed in Part I were guidance analysis, 
control system problems, and radio guidance problems. 


J.C. Fletcher 
The Ramo-Wooldridge Corporation 


INERTIAL GUIDANCE PROBLEMS 


- ALL the measurements for the inertial guidance 
system* are made on board the missile, none of the 
propagation difficulties mentioned in Part I will be en- 
countered, except possibly the optical propagation 
problems involved in initially aligning the platform prior 
to take-off. The principal problem in inertial guidance 
is that of constructing a high-precision electromechani- 
cal system to measure on-board acceleration compo- 
nents. The basic elements of this system are (1) the 
accelerometers, (2) the gyro-stabilized platform, and 
(3) the computer. The problem of on-board accelera- 
tion measurement involves the measurement of some 
physical quantity that critically depends on each of the 
three components of the acceleration vector. Of 
course, the quantity that is measured must depend only 
on the particular component of the vector to be meas- 
ured and must be independent to a high degree of the 
other two components since the direction, as well as the 
magnitude, of the vector is important. 


The simplest kind of an accelerometer is a mass sup- 
ported by a spring system. The deflection of the spring 
from some zero position is then a measure of the acceler- 
ation of the suspended mass. Another simple acceler- 
ation-measuring device is a simple pendulum, in which 
the period of the pendulum is inversely proportional to 
the square root of the acceleration being measured. 
The advantage of such a pendulum is that no measure- 
ment of a displacement is required, but simply that of a 
time which can be measured extremely accurately. 


* The inertial guidance equipment is being supplied by AC 
Spark Plug and Arma, with field test support from the Naval 
Ordnance Test Station at China Lake, Calif., and technical sup- 
port by the Massachusetts Institute of Technology. 


Dr. Fletcher is Director of the Electronics Laboratory at the 
Space Technology Laboratories. 


The disadvantage, of course, is that for rapid measure- 
ment of acceleration a very short period is required, in 
turn requiring very short pendulum lengths. A third 
type of acceleration-measuring device is that of the 
pendulous gyro used for guidance of the V-2 missiles. 
It is well known that the precession rate of a gyro is 
proportional to the applied torque and inversely propor- 
tional to the angular momentum of the gyro wheel. 
Thus, by supporting the gyro wheel at a fulcrum a 
fixed distance from the center of mass, one re- 
ceives an applied torque equal to the displacement 
of the center of mass from the fulcrum multiplied 
by the mass of the wheel times the applied ac- 
celeration. In this case, since the precession rate is 
proportional to acceleration, the actual precession angle 
of the gyro will be proportional to the integrated accel- 
eration or the velocity. Great pains must be taken in 
this case to minimize the effects of unwanted cross- 
acceleration on the gyro in its precessed condition. 

All of these simple accelerometers have three proper- 
ties in common which can cause guidance errors: 

(1) Variation in scale factor. In the case of the mass- 
spring system, for example, the proportionality factor 
between displacement and acceleration depends on the 
spring constant, which may very well change with age, 
temperature, and the amount of shock and vibration en- 
countered. Constant percentage error in scale factor 
will give a corresponding percentage error in the inte- 
grated velocity. 

(2) Zero drift. Again, in the case of the mass-spring 
system, because of thermal stresses, metallic creep, 
etc., the position corresponding to zero acceleration 
may shift. This drift may also be due to the electronic 
system used to record the position of the mass-spring 
system. Any such zero drift will give an error in ve- 
locity equal to the amount of drift acceleration multi- 
plied by the time during which the acceleration is meas- 
ured. If sufficient care is taken, just before launching 
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the missile, to measure the zero drift and scale factor 
by suitably orienting the accelerometers in the earth's 
gravitational field, only changes in these values after 
calibration will cause system errors. 

(3) Linearity. Again, in the case of the mass-spring 
system, one is dependent on the elastic constant being 
independent of spring deflection. This constancy is 
accurately true for small deflections, but, as is well 
known, it does not hold in the region approaching the 
elastic limit of the material. There may also be 
nonlinearity errors introduced by the displacement- 
measuring device. Nonlinearity is one of the most 
difficult effects to correct, especially if the non- 
linearity changes with environmental stress or with 
time. The best technique is to try to make the system 
extremely linear in the region of interest. 

The gyro-stabilized platform can be characterized by 
its angular drift rate in degrees per hour. The drift 
rate can be made to be primarily that of the stabilizing 
gyros to which the platform is tightly slaved. The 
gyros themselves may drift specifically in any of the 
following ways, as can be illustrated in Fig. 4. 

(1) Steady drift. In the process of manufacture of 
the gyro, steady uncompensated-torques may remain, 
such as electrical lead-in wire torques, bearing friction, 
etc., which give a steady drift independent of the ap- 
plied acceleration. Steady drift is measured in degrees 
per hour. 

(2) ‘“‘g’’ dependent drift. If an acceleration @ is ap- 
plied to the simplified single-degree-of-freedom gimbal 
in the diagram (Fig. 4), an unbalance torque will result 
if the resultant force applied to the gyro is not directed 
through the center of gravity (the principle of operation 
of the pendulous-gyro accelerometer described above). 
If, then, the gyro wheel is not properly balanced or if, 
because of metallic creep or some other reason, the cen- 
ter of rotation is improperly established, a resultant 
drift rate will appear. This drift rate is proportional 
to acceleration and is measured in degrees/hour/g. 

A common source of gyro unbalance may be found in 
temperature gradients in the support system. It can 
be seen that, if there is a difference in temperature be- 
tween the two extremities of the gyro wheel stem, 
there will be a displacement of the center of gravity due 
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to differential thermal expansion of the two portions of 


the stem. This is a common type of error and is meas- 
ured in degrees/hour/degrees C./g. Great care must 
be taken to control the temperature differentials in the 
neighborhood of the stabilizing gyros. 

(3) Anisoelastic effect. Because of the elastic nature 
of the support structure of any gyro, a slight displace- 
ment of the center of gravity will result when a force 
is applied to the wheel. For example, if the force is ap- 
plied in the x direction (in Fig. 2), the weight of the 
wheel causes it to move in the same direction. Of 
course, no torque will result since the displacement is 
along the line of action of the force or acceleration. A 
similar argument holds for forces along the y direction. 
For an arbitrary direction in between the x and y axes, 
it is possible to impart a displacement not along the line 
of action of the acceleration if there exists a difference 
in the elastic constants of the support between the x 
direction and the y direction. In the case shown there 
will be a much larger displacement in the x direction, 
causing a net torque. Since the torque is proportional 
to both the applied acceleration and to the displace- 
ment, the resultant drift can be measured in degrees / 
hour/g*—i.e., it is proportional to the square of the 
applied acceleration. 

By careful consideration of each of the known sources 
of errors in accelerometers and gfros, a specific orien- 
tation of the platform can be chosen with respect to the 
applied average direction of thrust, which minimizes the 
effect of applied acceleration on the resultant miss dis- 
tance. To make full use of this orientation requires a 
computer of adequate design. A basic compromise 
must here be made. Since, in general, the weight and 
complexity of the computer increase with the accuracy 
required, many tricks must be used to simplify the 
guidance equation to provide the easiest mechanization. 
It is advantageous if the basic output of the acceler- 
ometer is velocity (as in the case of the pendulous gyros) 
instead of acceleration. A still further improvement 
would result if both velocity and position were direct 
outputs from the accelerometer, thereby eliminating 
the need for any type of an integrator. 

After the components and the equations are chosen, 
the remaining problems are the standard ones of opti- 
mum electronic component design with maximum air- 
borne reliability under the anticipated environmental 
stresses. The problem of attaining adequate reliability 
cannot be overemphasized at this point. One problem 
which is basic to the inertial guidance system is that of 
determining the characteristics of the inertial compo- 
nents under conditions of high acceleration. Thrusts 
which produce accelerations higher than lg are neces- 
sary to get the missile off the ground. In addition to 
this, large vibration and shock conditions arise from the 
unsteady character of the thrust and from the turbulent 
passage of the missile through the atmosphere. Since 
the gyro and accelerometer characteristics will depend 
critically on the value of applied acceleration, the only 
reliable method to determine the accuracy obtainable 


from these components, other than actual flight tests, is 
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by some means of applying these large accelerations to 
the system while on the ground. To accurately repro- 
duce the missile acceleration profile on the ground, of 
course, would require a test bed as long as the guided 
portion of the powered flight which would involve ex- 
cessive costs, although it is conceivable that approxi- 
mate conditions could be reached by use of rocket sled 
techniques. It is quite feasible, with accurate sled 
velocity-measuring techniques,* to calibrate accelerom- 
eters on existing rocket sled facilities, but, because of 
the short flight times, the platform drifts may be so small 
as to prevent accurate measurement. Accelerometers 
may also be tested on instruments such as the centri- 
fuge, provided accurate measurements of the speed and 
geometry of this centrifuge can be made. The calibra- 
tion of gyros and pendulous-gyro accelerometers is ex- 
tremely difficult by this method unless they are mounted 
in a stabilized platform. In this case only sinusoi- 
dal variations of acceleration (in inertial coordinates) 
can be applied. Such things as vibration machines 
have also been used, but these always result in the 
application of simple sinusoidal acceierations. Testing 
therefore continues to be one of the biggest problems 
in an inertial guidance program. 


EQUIPMENT DESIGN 


The implementation of a good guidance and control 
system in terms of actual equipment design is often the 
principal factor in the reliability, maintainability, and 
operability of the system. The problem of good design 
practice is as much an art and a matter of experience 
asitisinvention. It involves numerous design compro- 
mises. A basic choice, for example, must be made be- 
tween the radio and the inertial guidance systems. 
The measurement and computer portions of the radio 
system can be located mostly on the ground, and for this 
reason higher reliability can, in general, be obtained be- 
cause of the relatively mild environmental stress. Fur- 
thermore, larger and more complex equipment can be 
used, making the precision measurement easier and 
allowing more precise calculations. A choice must be 
made between this and a system which is completely 
self-contained within the missile, requiring no data 
links to the ground, and which very likely is a simpler 
overall system since all measurements are made in the 
immediate proximity of the control system that ulti- 
mately must produce the required trajectory changes. 
Such a system also has the property of being more or 
less independent of spurious radio environment (radio 
interference), which is a well-known problem to radar 
operators. A choice between the two systems depends 
critically on the intended use of the system, but, even 
when this information is accurately factored in, the de- 
cision between radio and inertial systems is a difficult 
one for both the ultimate user and for the engineer. 

A similar compromise must be made within a given 


* Beutler, F. J., and Rauch, L. L., Precision Measurement of 
Supersonic Rocket Sled Velocity, Jet Propulsion Magazine (Jour- 
nal of the American Rocket Society), September, 1957. 


radio system. One can greatly simplify the equipment 
in the missile by greatly increasing the complexity of 
the equipment on the ground. This is a particularly 
cogent problem in connection with the computations 
problem in the radio-inertial system in which some of 
the computing can be done inside the missile. Some 
sort of an exchange ratio between complexity in the 
missile and complexity on the ground is indicated, but 
the criteria to be used are not always clear, and the data 
which give quantitative values to these criteria are 
meager. One criterion often used by missile designers 
is ‘‘50 tubes on the ground are equivalent to one in the 
air.” This rule of thumb is crude and depends quite 
critically on the types of tube used; particularly today, 
in the era of transistors, the rule diminishes in value. 
However, it does give some idea of the experience with 
past missiles and indicates that the balance between 
ground and airborne equipment should be heavily 
weighted in the direction of the equipment on the 
ground. This, of course, is due to the highly unknown 
character of the environmental stresses in flight in con- 
trast with the ground environment which can, if de- 
sired, be carefully controlled. 

The problem of packaging airborne electronic equip- 
ment becomes increasingly difficult as the vibration, 
shock, and temperature environment becomes more 
severe. Several compromises must also be made here. 
Often the package which is more resistant to large 
vibration and shock accelerations requires the greatest 
structural weight, and, since weight is a severe problem 
in any airborne equipment, a basic compromise between 
weight and reliability must be made. An attempt is 
often made to make the equipment highly resistant to 
vibration by tightly securing all parts in place using var- 
ious cements and plastics. These plastics usually have’ 
the property of being able to damp out vibration of 
highly resonant structures. Unfortunately, such plas- 
tics are usually not too effective in carrying away the 
heat generated by the electronic components, and, if the 
designer is not especially cautious, he may solve a 
vibration problem and create a temperature probiem. 
Here, again, a compromise must be made. 

Usually, in ballistic missiles, electronics packages 
must function at such high altitudes that they are 
operating essentially in a vacuum. This requires the 
package either to be hermetically sealed or its compo- 
nents must be capable of operating without arc-over 
under vacuum conditions. Hermetic seals, unfortu- 
nately, have the drawback of poor accessibility and 
consequently poor maintainability. The compromise 
here, then, is between ease of maintenance and over- 
design of the package to prevent arc-over in a vacuum. 
Often the compromise is made in terms of a hermetic 
seal and “black-box maintenance’’—that is, replace- 
ment of the entire unit in the field when a failure is 
found anywhere within the unit. 

One development which has greatly helped the prob- 
lems of equipment design, particularly for airborne use, 
has been the increased use of transistor circuits. Tran- 
sistors are particularly well suited to the design of digital 
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computers, both airborne and ground-based. Be- 
cause of the large number of similar circuit elements re- 
quired, transistor circuits of extremely high reliability 
can be designed and used repetitively to build up the 
digital computer. Since the transistors themselves 
dissipate very little heat, the heat problem mentioned 
earlier becomes greatly diminished. 

Transistors are also useful in control system circuitry, 
particularly when the servoamplifiers are a.c. coupled, 
since the a.c. stability of transistors seems to be much 
more dependable than the d.c. For radar circuits, the 
problem of transistors is somewhat more difficult be- 
cause of the UHF requirement and because of the high 
power usually involved. However, there are many 
transistor designs under way which will carry the state 
of the art up to higher and higher frequencies and 
similarly to larger output powers, and it may not be 
long before completely transistorized radar circuits will 
be used. The days of completely transistorized missile 
systems, both on the ground and in the air, have per- 
haps not yet arrived, but they are not very far off. 

The problem of equipment design is intimately con- 
nected with that of equipment testing, particularly en- 
vironmental testing. Environmental testing has grown 
to be an art very closely associated with the electrical 
design itself. The problem is partly that of (a) accu- 
rately measuring the environmental disturbances on the 
missiles to be flown and being able to extrapolate the 
data obtained in the early phases of design to new de- 
signs, (b) simulating these environmental data on test 
machines which will to the greatest extent possible re- 
produce the environment of the missile, and (c) apply- 
ing sufficient environmental stress, both in magnitude 
and in duration, which, on the one hand, will properly 
simulate the missile environment and give an estimate 
of the equipment reliability under this environment, 
but which, on the other hand, will not be so great as to 
fatigue the equipment. Often two types of test are in- 
dicated. The equipment is given a proofing or type 
test, using a small sample of the units but subjecting it 
to environmental stress as high as or slightly higher 
than the highest anticipated during any flight. This 
test may actually preclude the use of this equipment on 
an actual flight. The other type of test would be a 
production-monitoring or workmanship test. It would 
be applied to each unit delivered but would be at a 
much lower environmental level. Thus, if the equip- 
ment were put together properly, without defects, the 
workmanship test would be easily passed without wear- 
ing out the equipment and thus could be expected to 
undergo a missile flight successfully, provided the de- 
sign was demonstrated to be adequate in the proofing 
test. 

One broad area of guidance and control equipment 
design which is often neglected but which, in actuality, 
may mean the difference between an acceptable system 
and one which is unacceptable is the auxiliary test 
equipment referred to in Air Force nomenclature as 
ground support equipment (GSE). The GSE for the 
entire missile system may very well be more complex 
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than any of the subsystems themselves and, as a result, 
may require more people to operate, may cause more 
failures during an actual operation, and may absorb the 
largest fraction of the total cost of the weapon system. 
Even though this test equipment may not be required to 
operate during an actual flight, the flight, nevertheless, 
cannot proceed unless all ‘in-line’? equipment is prop- 


erly checked out beforehand. It is probably inappro- 
priate here to discuss specific problems involved in the 
design of this equipment. It will merely be restated 
that the design of the GSE must be an inherent part of 
the design of the guidance and control equipment, and 
the development of this equipment must proceed in 
parallel with that of the ‘‘in-line’’ equipment, not years 
later, as has been the case in the development of many 
equipments in military weapon systems. 


FUTURE TRENDS 


It has been increasingly apparent as the present three 
missile programs have unfolded that many of the tech- 
niques, analyses, and equipments developed to date 
have much wider application than the present pro- 
grams alone. Many of the guidance and control tech- 
niques are already being used or at least being con- 
sidered for early phases of new aircraft fire-control 
ground systems, fire-control systems, communication 
systems, data-handling systems, etc. Many of the 
testing techniques arising from the ballistic missile pro- 
grams are now being used by Army, Navy, and Air 
Force with application to aircraft, as well as missiles. 
The propagation and flame attenuation experiments 
mentioned earlier have provided useful data for all pro- 
grams which involve the use of radio waves transmitted 
to or froma missile. Sled testing of inertial components 
is part of current planning on several programs which 
employ inertial guidance equipment. In particular, 
the techniques described earlier as ‘‘radio-inertial” 
have been applied at the Naval Ordnance Test Station 
to the design of a velocity-measuring system (VMS),* 
making possible a measurement of sled velocity to ex- 
tremely high precision. 

Nearly all of these same techniques and, in fact, much 
of the same equipment only slightly modified can be 
used for the various space vehicles now planned for the 
immediate future. The precision required for the 
guidance and control system for vehicles aimed at the 
moon or one of the planets is not greatly different from 
that required on present programs. The precision 
required to guide a vehicle into a_ near-circular 
orbit is no greater than that for ICBM’s. The prob- 
lem of communication with lunar and planetary 
vehicles is made somewhat more difficult by the larger 
distances required, but even this is not an insurmount- 
able difficulty if present trends continue which make 
use of higher transmitted power, narrower communica- 
tion bandwidth, and input amplifiers with very low 
noise figure, such as are anticipated from the rather ex- 


* Loc. cit., page 67. 
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tensive MASER* program under way in this country. 
The problem of operating electronic equipment in the 
empty space beyond our atmosphere is already encoun- 
tered on present ballistic missile trajectories. The 
principal difference is the required lifetime of equip- 
ment under space conditions. Additional develop- 
ment has been necessary to produce electronic equip- 
ment and power supplies made to last for several hours 
or even days or weeks under conditions of vacuum pres- 
sure, zero g fields, bombardment by meteors, etc. This 
development is a natural extension of current applica- 
tions and represents no serious deterrent to the current 
development of space vehicles. 

It should be re-emphasized at this point that the cur- 
rent programs are a first attempt at the design of ballis- 
tic missile guidance and control equipment. As such 
the equipment is logically an extension of the guidance 
development done on previous programs (missiles and 
aircraft). Conservatism has been used throughout in 
order to ensure high probability of success at an early 
date. Although it is anticipated that the accuracy will 
be adequate for operational use and the reliability high, 
the cost of the equipment is also high. Extensions of 
current programs will be made to improve reliability 
and greatly decrease complexity and cost by making use 
of the knowledge obtained on current programs and by 
refined analysis and invention. The simpler systems 


*MASER stands for Microwave Amplification through the 
Stimulated Emission of Radiation. The low noise figures are 
obtained because of the extremely small losses resulting from 
molecular motions at their resonant frequencies. 
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Long-Range Planning (Continued from page 64) 


may produce improved rather than degraded accuracy 
since many of the sources of error originally believed to 
be large will be found to be smaller and since more 
sophisticated techniques of handling the measured 
data (computer) will be developed. 

It is also apparent that the large expenditures of man- 
power and effort on current programs will have the 
inevitable effect of pushing the state of the art in all 
phases of electronics which have application not only to 
military programs but to commercial programs as well. 
The development of extremely reliable digital computers 
based on transistorized logical elements is already of 
considerable value in the application of computers to 
business and data-handling problems and in the applica- 
tion, either on the ground or in the airplane, to commer- 
cial aviation. In fact, nearly all of the electronic tech- 
niques used in the guidance of ballistic missiles can be 
used in one way or another in the navigation and traffic 
control of commercial aircraft. 

As a result of these advances and of the impact of 
these advances on an already rapidly changing elec- 
tronic industry, the future of electronics in both mili- 
tary and commercial enterprises would seem very 
bright indeed. It appears that, as each new invention 
or technique evolves, a dozen or more applications soon 
become apparent. Each of these applications in turn 
leads to new inventions which of course have other 
applications, etc. At the present time there is no fore- 
seeable limit to the future possibilities in ‘“‘state of the 
art’ advances in electronics, particularly as applied to 
guidance and control problems. 


+> 


Office of DCS/Devel., Headquarters, USAF; and Mil- 
ton Rogers, Chief, Mechanical Division, OSR, USAF. 

Another aspect of the planning function—release of 
engineering talent by companies affected in the defense 
budget limitations current at the time of the meeting— 
was brought before the panel, and attempts were made 
to resolve the problem. Conditions causing migration 
of trained talent from companies caught in revision of 
the defense program elicited comments from both the 
‘haves’ and the ‘have nots.’ Problems causing a sudden 
and at times violent shift in manpower, facilities, and 
financial planning were debated by Earle Stewart, Staff 


Engineer, Vertol Aircraft Corporation; Mr. Bortner; 
Mr. Covington; Mr. Jacobson; and the writer. 


Mr. Purdy provided an excellent bridging of the 
philosophies of the speakers preceding him with the 
observation: ‘‘Working close to the boundary of our 
knowledge, the opportunity for success as a result of a 
better problem solution is available to each of us.” 


The session was ended with the realization that many 
plans are made projecting our ability to pierce the un- 
known—and that these plans sometimes must be 
changed drastically when the boundary is extended. 
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ATLANTA (5) 


SERVING N.A.C.A.’"S NEW 
VARIABLE MACH BLOWDOWN 
WIND TUNNEL AT LANGLEY FIELD 


America’s first big T-1 STEEL 


pressure tank installation 


3472 Neville Island 
1252 Military Park Bids. 
CHICAGO (3)....... 676 First National Bank Bidg. 
361 E. Paces Ferry Rd., N.E. 


12 tanks, each 63 ft high by 11 ft dia, storing air 
at 600 psia at Langley Aeronautical Laboratory 


PDM’s important share in the progress 
of aviation research and test facilities 
development is exemplified by these 
pressure vessels for N.A.C.A.’s 20-inch 
Variable Mach Facility at Langley Field. 
If made of standard boiler steel, the tank 
walls would have had to be extremely 
thick to contain the required pressure. 
With ground area precisely limited, our 


Pittsburgh-Des Moines Steel Company 


Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 


Sales Offices at: 


previous T-1 experience suggested the 
use of this high-strength alloy. Our own 
tests of workability and weldability con- 
firmed the plan, and PDM was awarded 
the contract at a very substantial saving 
to N.A.C.A. The tanks were completely 
fabricated, assembled, welded and tested 
as units in our shops. @ Let us consult 
on your special needs. 


DES MOINES (8) 
DALLAS (1) 
SEATTLE (1) 


1277 Praetorian Bldg. 
Suite 380, 500 Wail St. 
SANTA CUARA, CAL, 679 Alviso Road 


DENVER (2) 323 Railway Exchange Bldg. 
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... current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 


PERIODICALS AND REPORTS.................. 74 
icals, technical and research reports, and 


INTERNATIONAL AERONAUTICAL ABSTRACTS. 103 


neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 


wrnacts, published as an insert jn each Subject Index to Periodicals & Reports 
issue, is an accelerated reviewing service 2 
. . ae : Acoustics, Sound, Noise............ 74 Pressure Measuring Devices........ 89 
ens worldwide scientific and technical Aerodynamics, Fluid Mechanics. ..... 74 Stress & Strain Measuring Devices... 89 
literature. This work is performed by Aerothermodynamics............. 74 89 
the [AS Staff and is supported by the Air s 74 Temperature Measuring Devices.... 89 
lished semiannually, in the January and Wings & Airfoils................. 78 Metals & Alloys, Nonferrous... ... 90 
formerly the Aznonaurican 89 Meteorology... 95 
INvEX published since 1947, provides an Control Systems, Automatic Pilots... 80 Atmospheric Structure & Physics. . . . . 95 
viewed in this section. anding, Landing Loads........... ilitary Aviation, Ordnance.......- 
— 8 Nuclear Energy 99 
Aviation Medicine, Space Medicine... 82 Parachutes...........----+++00005 99 
Publications reviewed in this sec- Education & Training............... 84 Jet & Turbine..........-.....+-- 99 
tion are maintained by the Library Ram-Jet & Pulse-Jet.............- 100 
They are not for sale but are made 
available through the facilities of Circuits & Components........... 87 Nani... 101 
members, both Individual and Magnetic Devices................ 87 101 
Measurement & Testing............ 87 : 
Corporate, may borrow periodicals, Networks, Filters................ 87 Rotating Wing Aircraft, Helicopters... 101 
reports, and books for a period of Noise & Interference 88 
2 weeks, excluding time in transit. 
and those IAS publications that Columns: 102 
Wave Propagation............... 89 asticity & 
brary is equipped to provide, as Wave Theory 89 119 
service, postive photocopies of | Equipment Testing Methods. no 
j Rates on request. Weight Analysis & Control... 419 
John J. Glennon, Librarian Flow Measuring Devices.......... 89 120 
I nstitule of the 89 Water-Based Aircraft............... 131 
Aeronautical Sciences, Inc. 
2 East 64th Street B. 
New York 21, New York 
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Acoustics, Sound, Noise 


Reflection of an Acoustic Step Wave from an 
Elastic Cylinder. Richard Skalak and M. B. 
Friedman. (ASME Annual Meeting, New York, 
Dec. 1-7, 1957, Paper 57-A-7.) J. Appl. Mech., 
Mar., 1958, pp. 103-108. OONR-supported anal- 
ysis to determine the reflected and diffracted 
pressure fields at large distances resulting from a 
plane step wave of pressure impinging on the 
cylinder and moving in a direction normal to the 
axis of the cylinder. 


Limited Investigation of Noise Suppression by 
Injection of Water Into Exhaust of eareerains 
Jet Engine. Max C. Kurbjun. U.S., NACA 
RM L57L05, Feb. 20, 1958. 15 pp. feed 
mental study of the use of water for suppressing 
noise during static ground operation of jet engines 


Aerodynamics, Fluid Mechanics 


C—Strémungslehre. (GAMM, Wissenschaft- 
iche Tagung, Hamburg, Apr. 23-27, 1957.) ZA- 
MM, July-Aug., 1957, pp. 295-314. 29 refs 
In German and French. Partial Contents: Zur 
Ausstrémung bei Drallgeraten, W. Bader. Sur 
une Théorie Unitaire de l’Aile Supersonique en 
Ecoulement Homogéne d’Ordre Supérieur, F. 
Carafoli and M. Jonescu. Integrale der Bewe- 
gungsgleichungen der Fliissigkeit um eine Wir- 
belstrasse, Bl. Dolaptschiew and Iw. Tschobanow 
Berechung der Unterschallstro6mung um ein 
symmetrisches Joukowski-Profil mit Hilfe eines 
Variationsproblems, H.-G. Gispert. | Singulari- 
tatentheorie fiir lineare Unter- und Uberschall- 
str6mung um nicht mehr kleiner Streck- 
ung ohne Auftrieb, Friedrich Keune. Praktisches 
Verfahren zur Berechnung der Druckverteilung 
an stark gewOlbten diinnen Gittern, E. Martensen 
Einige Eigenschaften der Lésungen der Grenz- 
schicht-Differentialgleichungen, K. Nickel. Uber 
ein vereinfachtes Bild der Strémung um eine 
Mantelschraube mit zentralem Rotationskérper 
bei dem nullten Anstellwinkel, Svetopolk Pivko. 
Beitrag zur Theorie der station4ren, auftriebslosen 
Schallstr6mung an schlanken Rotationshalb- 
kérpern, Giinther Romberg. Herleitung und Ge- 
nauigkeit eines Invarianzkriteriums fiir die 
Stré6mungszusam vergleichbaren 
K6rpern, Werner Schmidt. Uber singulare Lésun- 
gen des Tragflachenproblems, E. van Spiegel 
Probleme aus der Theorie der dreidimensionalen 
Grenzschichtstrémung, R. Timmann. Sym- 
posium of papers covering: unitary theory of the 
supersonic airfoil in an inhomogeneous flow; in- 
tegrals of the equations of motion of a liquid 
around a vortex street; calculation of the subsonic 
flow around a symmetrical Joukowski profile by 
means of a_ variational problem; singularity 
theory for linear supersonic and subsonic flows 
around bodies of larger aspect ratio without lift; 
practical methods for the calculation of the pres- 
sure distribution over concave thin shells; some 
properties of solutions of boundary-layer differen- 
tial equations; simplified representation of the flow 
around a shrouded propeller with a central rotating 
body at zero angle of attack; contribution to the 
theory of stationary lift- free transonic flow over 
slender bodies of revolution; derivation and accu- 
racy of an invariance criterium for flow relation- 
ships over comparable bodies; and singular solu- 
tions of the airfoil problem, 


Aerothermodynamics 


Aerodynamic Heating. E. R. Van Driest. 
Appl. Mech. Rev., Feb., 1958, pp. 51-53. 31 refs. 
Review of the aerot hermodynamic theory pre- 
senting heat transfer calculations for flat plates 
and blunt bodies, and discussion of transition and 
mass transfer. 


Similar Solutions for Free Convection from a 
Nonisothermal Vertical Plate. E. M. Sparrow 
and J. L. Gregg. (ASME Semi-Annual Meeting, 
San Francisco, June 9-13, 1957, Paper 57-SA-3.) 
ASME Trans., Feb., 1958, pp. 379-386. Study 
of the nonisot hermal ‘wall problem by considering 
those families of wall-temperature variations 
which submit to mathematical analysis by con- 
ventional techniques of laminar boundary-layer 
theory. 


Boundary Layer 


The Use of Pitot-Tubes in the Measurement of 
Laminar Boundary Layers in Supersonic Flow. 
Appendix I—Equations Used in the Reduction of 
Pitot Traverse Measurements at Supersonic 
Speeds. Appendix II—The Use of Quartz in the 
Manufacture of Small-Diameter Pitot-Tubes. 
R. J. Monaghan. Gt. Brit., ARC R&M 3056 
(May, 1955) e957. 24 pp. 13 refs. BIS, New 
York, $1.53. 


Evaporation, Heat Transfer, and Velocity Dis- 
tribution in Two-Dimensional and Rotationally 
Symmetrical Laminar Boundary-Layer Flow. 
Nils Fréssling. (Lunds U. Arsskrift, N. F. Avd. 
2, No. 4, 1940.) U.S., NACA TM 1432, Feb., 
1958. 37 pp. 18 refs. Translation. Analysis 
using a power-series development with respect to 
the distance along the surface, the coefficients 
being chosen so that they are valid for all pressure 
distributions. It is shown, for large Prandtl 
Numbers, that the Nusselt Number is exactly pro- 
portional to the cube root of the Prandtl Number. 
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Current Tests on Laminar-Boundary-Lay=r 
ig by Suction Through Perforations. S. 

J. Butler. Gt. Brit., ARC R&M 3040 (Auz., 
1955) 1957. 21 pp. BIS, New York, $1.17. 
Determination of the flow rates at which wedges 
due to oversuction appear, using different per- 
foration arrangements. 


Flight Experiments on Boundary-Layer Control 
for Low Drag. M.R. Head, D. Johnson, and M. 
Coxon. Gt. Brit., ARC R&M 3025 (Mar., 1955) 
1957. 29 pp. 14 refs. BIS, New York, $1.89. 
Tests with distributed suction applied to a short- 
span sleeve fitted to the upper surface of the wing 
of a single-seat Vampire aircraft, maintaining a 
full-chord laminar flow up to Reynolds Numbers 
in the region of 29 million and Mach Numbers up 
to 


Boundary Layer Control Will be Used by To- 
morrow’s Mach 1-3 Planes. Irwin Stambler. 
Av. Age, Mar., 1958, pp. 118-12 Discussion of 
flight-test results obtained by NACA on an F-86 
aircraft. Three types of boundary-layer control 
were tested: leading-edge area suction, trailing- 
edge area suction, and trailing-edge flap blowing. 


Scale Effects at High Subsonic and Transonic 
Speeds, and Methods for Fixing Boundary-Layer 
Transition in Model Experiments. A. B. Haines, 
D. W. Holder, and H. H. Pearcey. Git. Brit., 
ARC R&M 3012 (Sept., 1954) 1957. 37 pp. 
30 refs. BIS, New York, $1.98. 


Exploratory Investigation of Boundary-Layer 
Loe Cy on a Hollow Cylinder at a Mach Num- 
ber of 6. Appendix A—Theoretical Boundary- 
Layer Profiles: B—Probe Effects. 
M. H. Bertram. U.S., NACA Rep. 1313, 1957. 
27 pp. 33 refs. Supt. of Doc., Wash., $0.30. 
Hypersonic wind-tunnel investigation ‘of the 
Reynolds Number for transition, and determina- 
tion of the boundary-layer nature by optical 
viewing and impact-pressure studies. 


An Evaluation of Four Experimental Methods 
for Measuring Mean Properties of a Supersonic 
Turbulent Boundary Layer. G. J. Nothwang. 
U.S., NACA Rep. 1320, 1957. 11 pp. Supt. of 
Doc., Wash., $0.15. Experimental investigation 
in an 8- by 8-in. supersonic nozzle at a Mach 
Number of 3, using a pitot probe, an X-ray densi- 
tometer, and cold-wire and hot-wire probes. The 
first three methods indicate consistent values of 
pressure, density, and temperature, whereas the 
hot-wire probe shows larger values. 


Control Surfaces 


Effects of a Detached Tab on the Hinge-Mo- 
ment and Effectiveness Characteristics of an 
Unswept Trailing-Edge Control on a 60° Delta 
bag at Mach Numbers from 0.75 to 1.96. O. 

Morris and G. C. Westrick. U.S., NACA 
RM L55B15, Apr. 14,1955. 36 pp. 


Aerodynamic Damping at Mach Numbers of 
1.3 and 1.6 of a Control Surface on a Two-Dimen- 
sional Wing by the Free-Oscillation Method. 
W. J. Tuovila and Robert W. Hess. U.S., NA- 
CA RM L56A26a, May 1, 1956. 21 pp. 


Transonic Flight Measurement of the Aerody- 
namic Load on the Extended Slat of the Douglas 
D-558-II Research Airplane. James R. Peele. 
U.S., NACA RM L53F29, Aug. 27, 1953. 34 pp. 
Test ‘results indicating little change in a slat nor- 
mal-force coefficient at a given airplane normal- 
force coefficient up to a Mach Number of 0.65. 
From Mach 0.65 to 0.98 there is a gradual de- 
crease of slat normal-force coefficients at the 
lower airplane normal-force coefficients. 


Investigation of Spoilers at a Mach Number of 

1.93 to Determine the Effects of Height and 
Chordwise Location on the Section Aerodynamic 
Characteristics of : Two-Dimensional Wing. 
James N. Mueller. U.S., NACA TN 4180, Feb., 
1958. 52pp. 11 refs. 


Conceptii noi in Sustentatia Avioanelor $i 
Zborul la Viteze Mici. II—Principiile Hipersus- 
tentatiei cu Jet. L. Dumitrescu. Rev. Transp., 
Dec., 1957, pp. 542-549. 20refs. In Rumanian. 
Discussion of problems of aircraft lift and low- 
speed flight at take-off and landing. 


Flow of Fluids 


Some Proposals Regarding the Definitions of 
Terms Relating to Various Flow Regimes of a 

as. C. H. E. Warren and A. D. Young. Gi. 
Brit., ARC CP 368 (Oct. 10, 1957) 1958. 7 pp. 
BIS, New York, $0.27. 


Report of the Definitions Panel on Definitions 
to be Used in the Description and Analysis on 
Drag. Gt. Brit., ARC CP 369 (May 17, 1957) 
1958. 11 pp. BIS, New York, $0.36. 


Aerophysical Problems of Flight at Extreme 
Altitudes and Speeds. II—-Hypersonic Effects. 
ItI—Experimental Facilities and Techniques. 
G. N. Patterson. (CAI-IAS Joint Meeting, 
Montreal, Oct. 21, 22, 1957.) Can. Aero. J., 
Feb.; Mar., 1958, pp. 39-47; 79-85. 73 refs. 
Discussion of the characteristics of hypersonic 
flow, physical properties of air, relaxation effects, 
and shock waves in hypersonic flow. A brief 
description of some hypersonic configurations is 
given. Ballistic ranges, low density wind tun- 
nels, plasma jets, hypersonic wind tunnels, and 
shock tubes are also described. 


On the Problems of Ventilation of Electrical 
Machines; Design of Fans for Electrical Ma- 


chines. H. G. Halt. (Elektrotech., No. 8, 1954, 
pp. 383-387.) Gt. Brit., RAE Lib. Transl. 658, 
May, 1957. 9 pp. 

Experimental Pressure Distribution on an 
Asymmetrical Nonconical Body at Mach Number 
1.90. D. D. Wyatt. U.S., NACA RM E9Bo03, 
Feb. 24, 1949. 58 pp. 

An Extension of the Hydrodynamic Source- 
Sink Method for Axisymmetric Bodies. A. H. 
Armstrong. Gt. Brit., ARC R&M 3020 (Dec., 
1954) 1957. 18 pp. BIS, New York, $0.99. 
Determination of sufficient conditions under 
which an axisymmetric body can be generated by 
a real distribution of sources and sinks along the 
axis of symmetry, and the source intensity formula 
is given when these conditions are satisfied. 


Recent Advances in Real Gas Effects in Hyper- 
sonic Flow. W. C. Griffith. et Propulsion, 
Mar., 1958, pp. 157-159. 26 refs. Review of 
recent work in superaerodynamics and aerother- 
mochemistry. 


O Nekotorykh Neustanovivshikhsia Dvizheni- 
iakh ‘‘Melkoi Vody.’’ P. Ia. Polubarinova-Ko- 
china. Prikl. Mat. i Mekh., Nov.-Dec., 1957, pp. 
783-794. InRussian. Investigation of the prob- 
lem of unsteady motion in liquid columns, in- 
cluding the study of flows symmetric to a vertical 
plane or a vertical axis. 


O Needinstvennosti Vozmozhnykh Form Usta- 
novivshikhsia Techenii Tiazheloi Zhidkosti pri 
Chislakh Fruda, Blizkikh k Edinitse. N. N. 
Moiseev. Prikl. Mat. i Mekh., Nov.-Dec., 1957, 
pp. 860-864. In Russian. Discussion of the 
multitude of possible shapes of steady heavy- 
liquid flow in the case of Froude Numbers near 
one. 


O Vliianii Temperatury Zhidkosti na Kavita- 
tsionnye Kharakteristiki Tsentrobezhnogo Na- 
sosa. M. A. Peshkin. Teploenergetika, Feb., 
1958, pp. 47-51. In Russian. Presentation of ex- 
perimental results covering the effect of the liquid 
temperature on the cavitation characteristics of 
centrifugal pumps. 


* Sulla Mutua Azione fra Fenomeni Acustici ed 
Idromagnetici. Renato Nardini. J. Math. & 

ech., Jan., 1958, pp. 1-15. In Italian. Study 
of the interaction of acoustic and ferromagnetic 
phenomena. 


Slabye Volny v Szhimaemoi Zhidkosti s Uche- 
tom Izlucheniia. V.A. Prokof’ev. Prikl. Mat.i 
Mekh., Nov.-Dec., 1957, pp. 775-782. In Rus- 
sian. Evaluation, based on linearized equations, 
of the hydrodynamic theory on the propagation of 
plane perturbations using the equations of radia- 
tion propagation in moving media (assumed ho- 
mogeneous, viscous, radiative, and heat conduct- 
ing) and the hydrodynamic equations, taking into 
account heat addition and the mechanical effects 
of radiation and intrinsic energy. 


Production of High-Velocity Shocks. Vernal 
Josephson. J. Appl. Phys., Jan., 1958, pp. 30- 
32. Discussion of shock production in linear gas 
discharge systems. Two methods for coupling 
energy into gas are given, along with their rela- 
tive merits and the shock velocities achieved by 
each procedure. 


Shock Waves in a ~~ Containing Gas Bub- 
bles. I. J. Campbell and A. S. Pitcher. Royal 
Soc, (London) Proc. Ser. A, Feb., 1958, pp. 534- 

545. Experimental results "show the dependence 
of the shock-propagation speed on the proportion 
by volume of gas in the mixture and on sh 
strength. 


Initial Wave Phenomena in a Weak Spherical 
Blast. R. Gordon Campbell. J. Appl. Phys., 
Jan., 1958, pp. 55-60. Investigation to obtain 
further information on the shock phenomenon 
with corroborative experimental data and to study 
the utility of the shock tube for spherical blast 
measurements. 


Crocco’s Vorticity Law in a Non-Uniform Ma- 
terial. C. S. Wu and W. D. Hayes. Quart. 
Appl. Math? “Apr., 1958, pp. 81, 82. OSR-sup- 
ported analysis expressing the corresponding 
form of the vorticity law which is valid for non- 
uniform material, such as a gas mixture with non- 
zero concentration gradients or a material in 
which a chemical reaction is proceeding. 


Internal Flow 


Design and Test of Mixed-Flow Impellers. 
IlI—Design and Experimental Results for Impel- 
ler Model MFI-2A and Comparison with Impeller 
Model MFI-1A. Joseph T. Hamrick, Walter M. 
Osborn, and William L. Beede. IV—Experi- 
mental Results for Impeller Models MFI-1 and 
MFI-2 with Changes in Blade Height. Joseph 
T. Hamrick, William L. Beede, and Joseph R. 
Withee, Jr. V—Design Procedure and Perform- 
ance Results for Two Vaned Diffusers Tested 
with Impeller Mode] MFI-1B. Joseph T. Ham- 
rick and Walter M. Osborn. VI—Performance 
of Parabolic-Bladed Impeller with Shroud Re- 
designed by Rapid Approximate Method. Ken 
neth J. Smith and Walter M. Osborn. VII— 
Experimenta! Results for Parabolic-Bladed Im- 

eller with Alternate Blades Cut Back to Form 

plitter Vanes. Walter M. Osborn. VIII— 


Comparison of Experimental Results for Three 
Impellers with Shroud Redesigned by Rapid 
Approximate 


Method. Walter M. Osborn, 
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CANNON PLUGS 2 


1. The DPSM 
World's first environmental magnesium connector 
Sealed for high altitude and pressure applications... exceptionally light! 


First completely environmental rack-panel connector 
First rack-panel connector that can be used as cable connector 


Four different sizes * Many insert arrangements * Polarized—4 alternate 
positions * Floating mounts * Moisture proof 


Available with—Hermetic sealing * Co-axial contacts « Thermo- 
couple contacts * Crimped contacts « Air lines 


Can be back-mounted — permitting bench fabrication of harness = 
assembly. 


Write today for catalog DPSM-1 — 


2. CT-E 
Designed for commercial jet airliners = 
Shorter —lighter 


No moisture trap * Moisture proof « Easy to assem- 
ble « Vibration proof 


Series CT-E Connectors meet strict space and - 
weight requirements...are immediately avail- 
. able in all MS insert patterns. Meet MIL-C-5015. 


Write today for catalog MS-E-3 a 


The excellent performance of each of 
these new plugs has been amply proved 
in actual use. You can depend on them 
for the optimum efficiency and reliabil- 

ity characteristic of all plugs in the 
complete Cannon line. 


Please refer to Dept. 105 Ps 
CAIN NONIPLUGS) 


CANNON ELECTRIC COMPANY 
3208 Humboldt St., Los Angeles 31, Calif. 


Where Reliability for Your Product 
is Our Constant Goal. re 


Factories in Los Angeles; Salem, Mass.; Toronto; 
London; Melbourne; Paris; Tokyo. Representatives 
and distributors in all principal cities. Please see 
your Telephone Yellow Book. 
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PLUGS CAPS 


are easily hand tightened 
e Pressure Seal 
e Thread Protection 
© Moisture Protection 


Straight wall, snug fit. 


Self-aligning plug, 
aluminum, threaded 


Pipe cap, ‘ 
aluminum, 
readed. 


Polyethelene 
cap or plug. 
_ Tapered wall for 
universal application. 
Large range of sizes. 


Threaded heavy 
aluminum cap for 
AN and SAE 
fittings. Also special 
sizes available. 


When you buy Clover Closures you buy the best in tight fitting protection. 
They are made in polyethelene and metal for internal and external applications. 
Tight fitting design, seals out moisture, dirt and gives dependable thread 
protection. Metal closures with neoprene rings or discs can be used to seal 
unit and hold relatively high pressures. For the newest in closures always 
specify CLOVER! Special closures engineered to your requirements. 


This new polyethelene clo- 
sure has heavy molded 
threads. It fits the contour of 
the part and when set up by 
hand will maintain pressure | 
in a system while protecting: 
threads. 


Threaded aluminum caps and plugs with large 
knurled grip for fast hand application. Shows 
use of neoprene co seal pressurized systems. 


Gentlemen: 
C LOV FE R Please send your idea box of 1 am interested in: 
ustries, Inc. dep 
Company. lastic = 
With Neoprene 
592 Young Street Add seal Loe 
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76 Aero/Space Engineering + June 1958 


Kenneth J Smith, and Joseph T. Hamrick. U, 
S., NAC RM E52L22a; RM E53L02; RM 
E ] 5L15; RM 

Mar 


954; July 
$55; Sept. 7, 55; 2} ‘ 16, 1956; Feb. 27, 
1957. 34; 32; 32: ae: 12: 32 pp. 64 refs, 

Measurements on Two-Dimensional Cascades 
at High Subsonic Mach Numbers. I1—Measure- 
ments of Loss Coefficients. U. Hopkes. DFL 
Inst. Aero. Rep. 57/23a, Jan. 28, 1958. 25 pp. 
Presentation of m -asurements of loss coefficients 
in cascades at variable high subsonic Mach Num- 
bers and a constant Reynolds Number in order 
to test the new experimental set-up for wake- 
survey measurements in the variable-density 
high-speed-cascade wind tunnel of the DFL, 
Braunschweig 


Analiz Resul’tatov Gazovoi 
Turbiny s Maslov. AN 
SSSR Otd. Tekh Nauk I 1957, pp. 99- 
104. In Russian. Analysis of from char- 
acteristic tests on a gas turbine with a diffuser. 


Application of Radial-Equilibrium Condition to 
Axial-Flow Turbomachine Design Including Con- 
sideration of Change of Entropy with Radius 
Downstream of Blade Row. James E. Hatch, 
Charles C. Giamati, and Robert J. Jackson. U, 
S., NACA RM E54A20, Apr. 14, 1954. 52 pp. 
14 refs. Investigation on the validity of the 
simplified-radial-equilibrium equation. Two 
types of calculations are made on radial distribu- 
tions of axial velocities for comparisons with data 
from several compressor configurations. One 
type of calculation incorporates the measured 
radial variation of stagnation-pressure losses; 
the second type does not. 


Analysis of Incompressible, Nonviscous Blade- 
to-Blade Flow in Rotating Blade Rows. J. J. 
Kramer. (ASME Semi-Annual Meeting, = 
rir June 17-21, 1956, Paper 56-SA-66.) 

ASME Trans., Feb., 1958, pp. 263-272. 15 refs. 
Discussion, pp. 272-275. Development of a 
method for the blade-to-blade solution for blade 
rows with or without splitter vanes. Numerical 
solutions are obtained for four weight flows 
through a centrifugal impeller without vanes at 
one operating speed. 

Laminar Flow Over an Enclosed Rotating Disk. 
Appendix——Determination of Coefficients 
Series Expansion. S. L. Soo. (ASME Semi- 
Annual Meeting, San Francisco, June 9-13, 1957, 
Paper 57-SA-28.) ASME Trans., Feb., 1958, 
pp. 287-294. 16 refs. Discussion, pp. 294-296, 
Study performed in order to reduce the inconsist- 
ency between previous theoretical and experi- 
mental results. The friction-moment coefficient 
is shown to be proportional to Re ~' in the laminar 
range and Re “'/; in the turbulent range. 


Investigation of a Supersonic-Compressor 
Rotor with Turning to Axial Direction. I—Rotor 
Design and Performance. Edward R. Tysl, 
John F. Klapproth, and Melvin J. Hartmann. 
II—Rotor Component Off-Design and Stage Per- 
formance. Melvin J. Hartmann and Edward R. 
Tysl. U.S., NACA RM E53F23; RM E53L24, 
Aug. 19, 19 53; Mar. 12, 1954. 36; 31 pp. 17 
refs. 

Laminar Flow in an Annulus with Porous Walls. 
Abraham S. Berman. J. Appl. Phys., Jan., 1958, 
pp. 71-75. Examination of the steady-state flow 
of an incompressible fluid, assuming a fluid injec- 
tion rate at one wall equal to the fluid withdrawal 
rate at the other. A relatively simple solution, 
valid for all cross-flow values, is obtained. 


Techenie Vozdukha pri Nalichii Oblasti Ob- 
ratnykh Tokov. G.N. Abramovich. AN SSSR 
Otd. Tekh. Nauk Izv., Dec., 1957, pp. 7-14. In 
Russian. Investigation of flow in the case of a 
reverse-flow zone produced by vortex generators, 
stabilizers, or lateral air streams in a jet combus- 
tion chamber. 

Contributii la Studiul Influentei F Lui 
de Cavitatie Asupra a. Caracteristice ale 
Pompelor Centrifugale. F. Gyulai, I. Anton, I. 
Preda, and C tg Stud, Cerc. Stiint., 
Jan.-June, 1957, pp. 71-78. In Rumanian, with 
summaries in Russian and French. Presentation 
of experimental results obtained from a study of 
the effect of cavitation phenomena on the char- 
acteristic curves of centrifugal pumps. 

Sarcina Maxima de Aspiratie la Pompe; Curbe 
Caracteristice de Cavitatie. I. Anton. Stud. 
Cerc. Stiint., Jan.-June, 195 57, pp. 49-58. In 
Rumanian, with summaries in Russian and 
French. Determination of the maximum suction 
load in pumps, and presentation of characteristic 
cavitation curves. 

Cercetiri Experimentale Asupra Fenomenului 
de Cavitatie la Pompele Axiale. A. Barglazan. 
Stud. Cerc. Stiint., Jan. -June, 1957, pp. 41-48. 
In Rumanian, with summaries in Russian and 
French. Experimental investigation of cavita- 
tion phenomena in axial pumps. 

Investigation of Pressure Recovery of a Single- 
Conical-Shock Nose Inlet at Mach Number 5.4 
Harry Bernstein and Rudolph C. Haefeli. U.S, 
NACA RM E53A12, Apr. 6, 1953. 22 pp. 

Pressure Recovery and Drag Characteristics of 
a Forward Located Circular Scoop Inlet as 
termined from Flight Tests for Mach Numbers 
from 0.8 to 1.6. Ch. F. Merlet. U.S., NACA 
RM L54B23, Apr. 8, 1954. 23 pp. 


Investigation at Transonic Speeds of Aerody- 
namic Characteristics of a Semicircular Air Inlet 
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in the Root of a 45° Sweptback Wing. a 
D. Trescot, Jr., and Arvid L. Keith, Jr. U. 
NACA RM L55A05a, Mar. 23, 1955. 30 sa 
A series of investigations shows that the addition 
of an inlet to a basic sweptback wing-body com 
bination can be accomplished with little or no 
cost in external drag. The performance index of 
the semicircular inlet is considerably lower than 
that of a triangularly and a _ semielliptically 
shaped inlet, due to lower pressure recovery and 
higher drag increments. 


Interaction of an Exhaust Jet and Elementary 
Contoured Surfaces Located in a Supersonic Air 
Stream. Joseph F. Wasserbauer and Gerald W. 
Englert. NACA RM ES56A16, Apr. 6, 
1956. 20 pp. 10 refs. Test results indicate 
that varying the wedge angle, radius of curvature, 
and arc length of the various surfaces affects the 
normal-force coefficient. Addition of fairings 
changes the normal forces and center-of-pressure 
locations. 


K Teorii Nasadka Borda dlia Gaza. Ia. I. 
Sekerzh-Zen’kovich. Prikl. Mat. i Mekh., Nov.- 
Dec., 1957, pp. 850-855. In Russian. Study of 
a specific case of the general Chaplygin problem 
corresponding to the flow in the Borda nozzle and 
characterized by a simplification of the jet com- 
pression formula. 


Jet Flaps & Wings 


A Method for Calculating the Pressure Distri- 
bution Over oo Flapped Wings. D. Kiiche- 
mann. (Gt. Brit., RAE Rep. Aero. 2573, June, 
1956.) Gt. Brit., "ARC R&M 3036 (May, 1956) 
1957. 25 pp. 16 refs. BIS, New York, $1.35. 


Parasitic Components 


Wind-Tunnel pomnetination at High Subsonic 
Speeds of the Effects of Wing-Mounted External 
Stores on the age | and Aerodynamic Char- 
acteristics in Pitch of a 45° Sweptback Wing 
Combined with a Fuselage. H. Norman Silvers, 
Thomas J. King, Jr., and William J. Alford, Jr 
U.S., NACA RM L54A21, Mar. 23, 1954. 36 
pp. 12 refs. Results indicate that the tip- 
mounted stores increase the loading at the wing 
tips at low angles of attack, whereas the inboard 
stores increase the tip loading and decrease the in- 
board loading at the higher angles of attack and 
lower Mach Numbers. 


Performance 


Volo e Progetto di Minima Potenza. 
pulini. L’Aerotecnica, Oct., 1957, pp. 254- 356. 
In Italian. Discussion of the design and flight 
application of minimum power. 


Aerodynamic Characteristics at Transonic and 
Supersonic Speeds of a Rocket-Propelled Air- 
plane Configuration Having a 52.5° Delta Wing 
and a Low, Swept Horizontal Tail. Alan B. 
S., NACA RM L54A20, Mar. 29, 


Stability & Control 

An Analog Study of the Relative Importance of 
Various Factors Affecting Roll Coupling. Pw 77 
Weil and Richard E. Day. U.S., NACA RM 
H56A06, Apr. 24, 1956. 81 pp. Investigation 
of a representative swept-wing and a tailless delta- 
wing configuration conducted at subsonic flight 
conditions. 


A Theoretical Study of the Effect of Control- 
Deflection and Control-Rate Limitations on the 
Normal Acceleration and Roll Response of a 
Supersonic Interceptor. Appendix—Simulation 
ofa with a Control-Defiection 
Lim Matthews and S. F. Schmidt. 
RM A53B11, Apr. 29,1953. 28 pp. 


Flight Tests of a Model Having Self-Supporting 
Fuel-Carrying Panels Hinged to the Wing Tips. 
Robert E. Shanks and David C. Grana. U.S., 
NACA RM L9107a, Nov. 2, 1949. 10 pp. Ex 
perimental investigation for determining the lat- 
eral stability and controllability of the model. 


A Fli at Speeds of a 
Model Having a Triangular Wing of Aspect Ratio 
4. LorenG. Bright. U.S., NACA RM A54L27 
Mar. 24, 1955. 40 pp. 13 refs. Study of the 
longitudinal aerodynamic characteristics of a 
model having a 45° sweptback horizontal tai! 
mounted in the extended wing chord plane, using 
the free-falling recoverable model technique. 


Qualitative Simulator Study of Longitudinal 
Stick Forces and Displacements M7: During 
Tracking. Stanley heal U.S., NACA TN 

1202, Feb., 1958. P Inv estigation using 
an airplane Se we ‘one degree of freedom, 
under conditions of aircraft undamped frequency 
of 1/2 cps with damping ratios of 0.8 and 0.18, and 
an undamped natural frequency of 1 cps with a 
damping ratio of 0.11. 


pemontigiiton: at High Subsonic Speeds of Some 
Effects the Aerodynamic Loads on 
Finned and Un Bodies Mounted from the 
Wing of a Swept-Wing- Fuselage Model. 
Thomas J. King, Jr. U.S., NACA RM L56A24, 
Apr. 26, 1956. 50 pp. Studies indicating that 
the normal force and yawing-moment of a tip- 
mounted body varies considerably with the angle 
of sideslip at moderate and high angles of attack. 
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Adding fins to the body generally increases the 
normal force, the rolling moment, and the slope 
of the side-force curve, decreases the nose-up 
pitching moments, and reverses the unstable 
variation of the yawing moment. 

The Rolling Moment due to Sideslip of Swept 
Wings at Subsonic and Transonic Speeds. Ap- 
pendix A—Simplified Method of Estimating CL,. 


Appendix B—20-Vortex Solution for the Rolling 
Moment due to Sideslip. Edward C. Polhamus 
and William C. Sleeman, Jr. ’.S., NACA RM 
L54L01, Mar. 8,1955. 8l pp. 46refs. Experi- 
mental investigation for determining the effects 
of wing geometry on the aerodynamic characteris- 
tics of wing-body combinations. 


An Experimental Study at High Subsonic 
Speeds of Several Tail Configurations on a Model 
with an Unswept Wing. William C. Sleeman, 
Jr. U.S., NACA RM L56A06a, Apr. 4, 1956. 
67 pp. Determination of the static longitudinal 
and lateral stability characteristics of a systematic 
series of Y-tails, including a V-tail; comparative 
results are obtained for a cruciform tail and X-tail 
arrangement. 


Low-Speed Measurements of Static Stability, 
Damping in Yaw, and son g in Roll of a Delta, 
a Swept, and an Unswept Wing for Angles of 
Attack from 0° to 90°. J. L Johnson, Jr. U.S. 
VACA RM L56B01, Apr. 13, 1956. ‘19 pp. 


Effect of Airplane Configuration on Static 
Stability at Subsonic and Transonic Speeds. 
Edward C. Polhamus and Joseph M. Hallissy, 
Jr. U.S., NACA RM L56A09a, May 1, 1956. 
17 pp. 18refs. Evaluation of some recent wind- 
tunnel tests in terms of such stability characteris- 
tics as pitch-up and other pitching moment non- 
linearities, the variation of directional stability 
with angle of attack, and the effect of sideslip on 
the pitching moment. The effects of these param- 
eters on such variables as wing plan form, wing 
height, horizontal tail position, and fuselage shape 
are discussed. 


Lateral Stability and Control Characteristics of 
the Convair XF-92A Delta-Wing Airplane as 
Measured in Flight. Thomas R. Sisk and Duane 
O. Muhleman. U.S., NACA RM H55A17, May 
26,1955. 55 pp. 13 refs. 

Lateral Stability Characteristics Between Mach 
Numbers of 0.80 and 1 and Simultation of 
Coupled Motion at Mach Number 1.30 of a Rocket 
Propelled Model of an Airplane Configuration 
Having Thin Highly Tapered 45° Sweptback Sur- 
faces. Charles T. D’Aiutolo and Allen B. Hen- 
ning. U.S., NACA RM L56A17, Apr. 10, 1956. 
41 pp. 13 refs. Determination of the lateral 
stability by analizing the Dutch roll oscillation, 
using the time-vector method and the single-de- 
gree-of-freedom method. 


Effect of Fuselage Air Brakes on the Longitu- 
dinal Stability Characteristics of a Swept-Wing 
Fighter Model at rw y Speeds. Donald D. 
Arabian. U.S. ACA RM L56A25a, Apr. 24, 
1956. 22 pp. Fb results indicate that the ef- 
fectiveness of the air brakes is reduced because of 
their proximity tothe wing. The change of longi- 
tudinal stability with the extended air brakes re- 
quires stabilizer changes of +1° or less to main- 
tain a trimmed lift coefficient. 


Effects of Sweep and Taper Ratio on the Longi- 
tudinal Characteristics of an Aspect Ratio 3 Wing- 
Body Combination at Mach Numbers from 0.6 to 
1.4. Earl D. Knechtel and James L. Summers. 
U.S., NACA RM A55A03, Mar. 23, 1955. 36 
pp. Experimental investigation at a _ leading- 
edge sweep angle varying from 19.1° to 53.1° fora 
constant taper ratio of 0.4, and at a taper ratio 
ar an from 0 to 0.4 for a constant sweep angle 
of 53.1° 


Wings & Airfoils 


The Calculation of the Pressure Distribution on 
the Surface of Thick Cambered Wings and the 
Design of Wings with Given Pressure Distribu- 
tion. Appendix I—Interpolation Formula for an 
Even Function. Appendix II—The Flow Around 
Part of a Logarithmic Spiral in a Parallel Stream. 
Appendix III—Solutions of a Special Type of In- 


tegral Equations. J. Weber. (Gi. Brit., RAE 
Rep. Aero. 2548, QOct., 1955.) Gt. Brit., ARC 
R&M 3026 (June, 1955) 1957. 59 pp. 12 refs. 


BIS, New York, $3.78. 


Theoretical Load Distribution on a Wing with a 
Cylindrical Body at One End. J. Weber. Gt. 
Brit., ARC R&M 2889 (June, 1952) 1957. 18 pp. 
BIS, New York, $0.99. Presentation of a method 
for the calculation of the load distribution for ar- 
rangements giving constant induced downwash; 
it can also be applied to obtain approximate re- 
sults for other plan forms including those with 
sweepback. 


Effect of Nose Shape and Trailing-Edge Blunt- 
ness on the Aerodynamic Characteristics of an 
Unswept Wing of Aspect Ratio 3.1, Taper Ratio 
0.4, and 3-Percent Thickness. John C. Heit- 
meyer. U.S., NACA RM A54A04, Mar. 15, 
1954. 36 pp. 


Lift, Drag, and Pitching Moment of Low- 
Aspect-Ratio Wings at Subsonic and Supersonic 
Speeds. Charles F. Hall. U.S.. NACA RM 
A53A30, Apr. 14, 1953. 132 pp. 52 refs. 


Die Aerodynamik des transsonischen Fluges. 
Edwin J. Kordik. Flug-Revue, Mar., 1958, pp. 


25-28. 
namics of wings in transonic regime. 

Lift, Drag, and Pitching Moment of Low- 
Aspect-Ratio Wings at Subsonic and Supersonic 


In German. Discussion of the aerody- 


Speeds—Twisted and Cambered Triangular 
Wi of Aspect Ratio 2 -_ NACA 0003-63 
Thickness eer. Ch. Hall and J. C. 
Heitmeyer. U.S., NACA RM YaSinor June 12, 
1951. 24 pp. 14 ~ 


Lift, Drag, and Pitching Moment of Low- 
Aspect- Ratio Wings at Subsonic and Supersonic 
Speeds—Twisted and Cambered Triangular 
Wi of Aspect Ratio 2 with NACA 0005-63 
Thickness Distribution. J. C. Heitmeyer and 

. B. Petersen. U.S... NACA RM A52B08, 
Apr. 10,1952. 20 pp. 19 refs. 

The Effects of Taper on the Supervelocities on 
Three-Dimensional Wings at Zero Incidence. 
Appendix I—Derivation of the Supervelocity at 
Any Point on the Chord Plane of a Rectangular 
Wing Having a Symmetrical Cubic-Arc Aerofoil 
Section and a Linear Spanwise Variation of 
Thickness/Chord Ratio. Appendix II—Deriva- 
tion of the Supervelocity at Any Point of the Chord 
Plane of a Tapered, Swept-Back Wing, Having a 
Symmetrical Biconvex Parabolic-Arc Aerofoil 
Section, and a Linear Spanwise Distribution of 
Thickness/Chord Ratio (Wing 2). Appendix 
I1I—The Supervelocity at the Centre-Line of a 
Tapered Swept Wing Having Constant Spanwise 
Thickness, and a Symmetrical Parabolic-Arc 
Aerofoil Section (Wing 3). Appendix IV—The 
Supervelocity at the Centre-Line of a Tapered 
Unswept Wing Having a Cubic Spanwise Varia- 
tion of Thickness, and a Symmetrical Parabolic- 
Arc Aerofoil Section (Wing 4). K. W. Newby. 


(Gt. Brit., RAE Rep. Aero. 2544, Feb., 1956.) 
Gt. Brit, ARC R&M 3032 (June, 1955) 1957. 
75 pp. 12 refs. BIS, New York, $3.78. 


Wing Load Distribution on a Swept-Wing Air- 
plane in Flight at Mach Numbers up to 1.11, and 
Comparison with Theory. L. Stewart Rolls 
and Frederick H. Matteson. U.S., NACA RM 
A52A31, Apr. 14,1952. 73 pp. 


Aerodinamika Treugol’nogo Kryla. 
Mel’nikov. Vestnik Vozdushnogo Flota, Jan., 
1958, pp. 45-52. In Russian. Evaluation of the 
aerodynamic characteristics of triangular wings, 
with a review of their development and a compari- 
son to other types. 


A Transonic Wind-Tunnel Investigation of the 
Longitudinal Force and Moment Characteristics 
of Two Delta Wings and One Clipped-Tip Delta 
Wing of 4 Percent Thickness on a Slender Body. 
William E. Palmer and Dale L. Burrows. U.S., 
NACA RM L55A07a, Apr. 4 1955. 31 pp. 14 
refs. Test results indicate that the reduction of 
the aspect ratio by clipping the tips has less ad- 
verse effect than the reduction of the aspect ratio 
by increasing the sweep angle. In general, the 
clipped wing configuration has better characteris- 
tics than the full delta-wing configuration of the 
same aspect ratio. 


Transonic Wind-Tunnel Investigation of the 
Effects of Sweepback and Thickness Ratio on the 
Wing Loads of a Wing-Body Combination of As- 
pect Ratio 4 and Taper Ratio 0.6 Robert Ji 
Platt, Jr., and Joseph D. Brooks. U.S., NAC 
RM Apr. 4, 1955. 44 pp. 
showing that at transonic speeds sweepback de- 
lays to a higher Mach Number the rearward and 
outboard shift of the center of pressure but in- 
creases the magnitude of the outboard movement, 


Large-Scale Flight Measurements of Zero-Lift 
Drag at Mach Numbers from 0.90 to 1.95 of an 
Arrow Wing in Combination with a Small Body. 
Warren Gillespie, Jr., and Richard G. Arbic. 
U.S., NACA RM L50K28a, Jan. 12, 1951. 17 
pp. 


A. 


Aeroelasticity 


Natural Frequencies of Nonuniform Beams on 
Multiple Elastic Supports. R. A. Ditaranto. 
(ASME Fall Meeting, Hartford, Sept. 23-25, 
1957, Paper 57—F-5.) J. Appl. Mech., Mar., 
1958, pp. 57-63. Extension of Myklestad’s 
method to nonuniform beams on two or more tor- 
sionally and linearly elastic supports, including the 
effects of rotary mass moment of inertia. 


Summary of Flutter Experiences as a Guide to 
the Preliminary Design of Lifting spray on 
Missiles. Dennis J. Martin. U.: CA TN 
4197, Feb., 1958. 21 pp. 13 refs. 
of some criteria for wing bending-torsion flutter 
and stall flutter to estimate rapidly the probability 
of flutter occurrence. Pitch-bending flutter is 
briefly discussed, and an example is cited which 
shows that the wing-bending stiffness and the 
configuration center-of-gravity position may 
strongly influence the flutter speed. 


Aerodynamic Flutter Coefficients for Subsonic, 
Sonic and Supersonic Flow (Linear Two-Dimen- 
sional Theory). Appendix I—Basic Mathemati- 
cal Formula. Appendix II—Perturbation Po- 
tential of Moving Source. Appendix III—Possio 
Kernel; Asymptotic Formula. outs Iv 
Part Solution for M = 1 é. F. Jordan. 
Gt, Brit., ARC R&M 2932 (Apr., 1953) 1957. 54 
pp. 29 refs. BIS, New York, $2.88. Presenta- 


tion of the four main coefficients for an oscillating 
two-dimensional wing in the form of tables and 
isometric graphs over a Mach Number range from 
0 to 2, and from 0 to 1.4 for a frequency parameter 
based on the wing chord. 
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“...AND QUIETLY BOLD” 


A Message to the Scientific Community 
from Dr. Hugh L. Dryden, Director, NACA 


NACA has pioneered in preparations for manned and 
unmanned space flight for the past six years and 

has designed and built unique aerodynamic, 
structural and propulsion facilities for space research. 
We of NACA are moving to insure that our 
contributions to space technology will match our 
record in aeronautics. It is imperative that America 
lead the way in the peaceful exploration of space. 
Our nation has the talents and resources 

to do the job. But we must recall the 

wisdom of the Killian Committee which recently 
said: ‘““Let us be cautious and modest in our 
predictions and pronouncements about future space 
activities and quietly bold in our execution.” 


Hugh L. Dryden 


Hugh L. Dryden, Director, NACA; Ph.D., Johns Hopkins University 


NACA has a staff of 7,750 research scientists and supporting personnel spread 
among its research centers on both Coasts and in Ohio. NACA staff members in 
pursuit of new knowledge have available the finest research facilities in the world, 
including several of the largest and fastest supersonic and hypersonic wind tunnels, 
hot jets, a fleet of full scale research airplanes, which will include the X-15, hyper- 
sonic ballistic ranges, shock tubes, a nuclear reactor establishment, rocket facilities, 
a research missile launching site, tracking devices, and the most advanced mechan- 
ical and electronic computers. 

NACA Fields of Research Include: Analytical Dynamics, Solid State Physics, 
Hypersonic Aerodynamics, Magneto Hydrodynamics, Energy Sources, Propulsion 
Systems, Aerodynamics, Automatic Stabilization, Vehicle Configuration and 
Structure, Materials, Flight Simulation, Instrumentation. 

A number of staff openings are becoming available. You are invited to address 
an inquiry to the Personnel Director at any one or all four of the NACA research 
centers: 

Langley Aeronautical Laboratory, Hampton, Virginia 
Ames Aeronautical Laboratory, Mountain View, California 
Lewis Flight Propulsion Laboratory, Cleveland, Ohio 
High-Speed Flight Station, Edwards, California 


(Positions are filled in accordance with the Aeronautical Research Scientist Announcement 61B) 


The Nation’s Aeronautical Research Establishment 
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Flutter Prediction in Practice. E. G. Broad- 
bent. (NATO AGARD 3rd Structures & Ma- 
tertals Panel, Wash., Apr. 10-17, 1956.) Gt. 
Brit., ARC CP 373 + eae 1956) 1957. 31 pp. 
BIS, New York, 30.8 

Flutter with Thin Pointed-Tip 
Wings During Flight Tests of Rocket-Propelled 
Models at Mach Numbers from 0.8 to 1.95. 
Harvey A. Wallskog. U.S.,NACA RM L55A14, 
Apr. 4, 1955. 32 pp. Test results show that 
pointed-tip wings of high overall static strength 
may possess poor flutter characteristics depend- 
ing, to some extent, on the distribution of material 
for the case of laminated wood-metal construction 
The Aerodynamic Effects of ae Ratio and 
Sweepback on Wing Flutter. W. G. Molyneux. 
Gt. Brit., ARC R&M 3011 (Feb., 1955) 1957. 
17 pp. BIS, New York, $0.99. Test results show 
ing that measured aerodynamic effects can be 
represented quite closely in flutter calculations 
based on two-dimensional flow theory by multi- 
plying the two-dimensional aerodynamic coeffi- 
cients by appropriate factors. 

Derivative Measurements and Flutter Tests on 
a Rect lar Wing with a Full-Span Control 
Surface, Oscillating in Modes of Wing Roll and 


Aileron Rotation. W.G. Molyneux and F. Rud- 


dlesden. Gt. Brit., ARC R&M 3010 (Feb., 1955) 
1957. 26 pp. BIS, New York, $1.44. Study 


using a new technique in which aileron rotation is 
geared to wing roll so that oscillations occur in 
both degrees of freedom simultaneously. 

The Theoretical Determination of Normal 
Modes and Frequencies of Vibration. Appendix 
I—Duncan’s Displacement Functions. Appen- 
dix I1—The Escalator Method. I. T. Minhin- 
nick. (Gt. Brit., RAE Rep. Struc. 197, May, 
1956.) Gt. Brit., ARC R&M 3039 (Jan., 1956) 
1957. 30 pp. 97 refs. BIS, New York, $1.62. 

Vibration Isolators for Missiles and Aircraft. 
Sheldon Rubin. SAE J., Feb., 1958, pp. 67, 68. 
Discussion of the following considerations in de- 
signing isolators: stiffness and damping perform- 
ance, load and deflection characteristics, strength 
and endurance, and resistance to environment. 

Interaction Between a Vibratory Machine and 
its Foundation. R. Plunkett. Noise Control, 
Jan., 1958, pp. 18-22. Analysis explaining the 
difference between the theoretical isolation pro- 
vided by vibration isolators and that achieved in 
practice. A method for predicting the isolation 
achievable under practical conditions is described. 


reserve to engine tanks. 


flying colors. 
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THE LAMB ELECTRIC COMPANY « 
A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric— Division of Sangamo Company Ltd.—Leaside, Ontario 


Lam 


FRACTIONAL HORSEPOWER 


Aircraft de-icing 
pump motor. 


Passes Tests With Flying Colors 
MILITARY AIRCRAFT MOTOR 
2». equal dependability for your product 


One of the recent Lamb Electric developments is a motor to drive 
submerged pumps on military aircraft—for transfer of fuel from 


For such an important application, motor reliability far beyond that 
normally called for was needed. To insure this degree of reliability 
in its actual operation of driving the submerged pump, test require- 
ments for the motor were exceptionally rigorous. 


As the result of advanced engineering and design, greatly increased 
brush life, and ability to operate at extremely high temperatures and 
withstand severe shock tests, the motor passed gruelling tests with 


The skill and experience exemplified here is available to your com- 
pany to provide dependable power for yowr new or redesigned products. 


KENT, OHIO 
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Aeronautics, General 


Special Issue: 25th Annual Inventory of Air- 
power. Av. Week, Mar. 3, 1958. 152 pp. In- 
cludes military, missile, transport, research and 
development, ‘manufacturing, avionic, helicopter, 
business flying, foreign, and technical specifica- 
tions. 


Special Issue: Fortieth Annual Statistical 
Issue. Auto. Ind., Mar. 15, 1958. 310 pp. 
Includes: production of military and civil air- 
craft, power plants, and propellers; registrations; 
scheduled carrier operation; and specifications. 


“Our Declining Aviation Stature.’’ Grover 
Loening. Committee of One Hundred, Miami 
Beach, Jan. 7, 1958, Address. 10 pp. Discussion 
of America’s military and civilian part in aviation 
as compared to that of Russia. 

‘‘The Oceans of the Air.’’ Arthur E. Ray- 
mond. (Albert Plesman Memorial Lecture, 2nd 
Delft, Sept., 1957.) Esso Air World, Nov.-Dec., 
1957, pp. 64-73. 


Technical Challenges of the Space Age. 
Thomas S. Power. Western Av., Feb., 1958, pp. 
7-9. Discussion of three important areas of the 
space age—electronics, physical sciences, and 
space technology. 


Air Transportation 


Soviet Air Transport. Garrett Underhill. 
Ordnance, Jan.-Feb., 1958, pp. 624-628. Discus- 
sion of the development of the jet-equipped Soviet 
air line and its possible use in war. 

Industrial Freight in a New Era. Howard T. 
Lewis. Air Transp., Feb., 1958, pp. 10, 11, 22- 
26. 

A Changing Distribution Pattern. Arthur E. 
Raymond. Air Transp., Feb., 1958, pp. 15, 27, 
28. Discussion of the air-cargo potential market. 


Les Problémes que Pose & une Grande Com- 
pagnie Aérienne |’Avénement des Avions & Réac- 
tion. Louis Lesieux. L’Aerotecnica, Oct., 1957, 
pp. 239-246. In French. Discussion of the 
problems to be faced by a large airline company 
when adopting jet transports, 


Airplanes 


What is This Thing Called ‘‘Hustler.”” J. B. 
Treacy. Flight Control, Mar., 1958, pp. 6, 7. 
Discussion of the power control system, auto- 
—_ ae and central air data system used in 
the 5 


MiG-21 Faceplate, das sowjetische Gegenstiick 
zur English Electric P1A, Grumman Tiger und 
zur Chance Vought F8U- 1 Crusader. Flugwelt, 
Mar., 1958, pp. 164-166. In German. Descrip- 
tion of the Soviet Mig-21 fighter aircraft, includ- 
ing wings, fuselage, control systems, power 
plants, flight performance, speed and maximum 
altitude, range, and take-off and landing charac- 
teristics. 

Transonic Wind-Tunnel Investigation of the 
Effects of a Heated Propulsive Jet on the Pressure 
Distribution Along a Fuselage Overhang. Elden 
S. Cornette and Donald H. Ward. U.S., NACA 
RM L56A27, Apr. 4, 1956. 42 pp. Study on three 
fuselage-overhang configurations at free-stream 
Mach Numbers from 0.80 to 1.10, and at a jet 
pressure ratio varying from 1 to 11 at jet-aay 
temperatures of cold, 800°F., and 1,200°F 


Optimal’nykh Rezhimov Poleta 
tov. Vestnik Vozdushnogo 
Flota, Ra , 1958, pp. -26. In Russian. Dis- 
cussion covering the ‘motte of aircraft optimum 
flight regimes. 


Air Conditioning & Pressurization 


Records of Static Pressure Tests on Pressure 
Cabins. P. B. Hovell and A. R. Butler. Git. 
Brit., ARC CP 376 (Aug., 1955) 1958. 4 pp. BIS, 
New York, $0.18. Experimental investigation of 
20 pressurized fuselages showing the locations of 
premature failures. General conclusions are 
drawn to account for the difference in the results 
obtained for fighter and transport aircraft. 


Cooling the Lockheed Electra. Bernard L. 
Messinger. SAE J., Feb., 1958, pp. 46-48. 
Description of a combined air- and vapor-cycle 
refrigeration system designed to operate both on 
the ground with engines not running or in the air. 


Control Systems, Automatic Pilots 


Analysis of an Automatic Control to Prevent 
Rolling Divergence. Appendix A—A Gyroscopic 
Instrument for Measuring the Product of Two 
Angular Velocities About Mutually Perpendicular 
Axes. Appendix B—Equations of Motion and 
Values of Stability Doeialives Used in Analysis. 
William H. Phillips. U.S., NACA RM L56A04, 
Apr. 18, 1956. 31 pp. Results of an analog- 
computer study showing that the control is ef- 
fective in reducing the excursions of an angle of 
attack and sideslip in maneuvers simulating fight- 
er airplane rolls, 

The Application of a Block Diagram Represen- 
tation to Aircraft Stability Analysis. F. A. Sum- 
merlin and N. Sullivan. Aero. Quart., Feb., 
1958, pp. 34-54. 17 refs. Presentation of a 
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SAAD otary or fixed wing. 
In either type of VTOL aircraft, control systems must provide _ 
precise and positive transfer of motion under all operating — 
conditions. Regardless of size, a Shafer Aircraft Bearing 
deliver greater, and service life 
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ad sign stages, th up in the i d flight con esign 
afer Self-Ali ey can save val stry. Consulted 
Whatever gning Aircraft B able earlyin 


block diagram representing an aircraft in either 
its lateral or longitudinal motion, and application 
of the diagram to explain aircraft response in the 
antisymmetric stick- fixed case. A_ generalized 
autopilot is added to the aircraft diagram, and 
the method of analyzing the combination by con- 
ventional servotechniques is indicated. 


A Flight Investigation of the Handling Charac- 
teristics of a Fighter Airplane Controlled Through 
an Attitude Type of Automatic Pilot. S. A. 
Sjoberg, Walter R. Russell, and William L. Al- 
ford. U.S., NACA RM L56A12, Apr. 10, 1956. 
60 pp. Determination of the response charac- 
teristics of the airplane-automatic-pilot system, 
and evaluation of the latter by performing various 
flight operations such as air-to-air tracking, 
strafing runs, and rough-air flying. 


Description 


The Canberra Story. Flight, Mar. 14, 1958, 
pp. 332-335. Discussion of the design, develop- 
ment, and presentation of engineering features for 
the B(I).8 version of the English Electric bomber. 

Viscount 810. Flight, Feb. 28, 1958, pp. 271-— 
273, 280, cutaway drawing. Design, structural, 
and systems characteristics of the advanced ver- 
sion of the Vickers turboprop. 


Details of the P.l’s Mainplane. F. Bradford 
and G. H. Taylor. (Aircraft Prod. Conf., 6th, 
Southampton, Jan. 2, 3, 1958.) The Aeroplane, 
Jan. 1C, 1958, pp. 49-52. Design, development, 
and manufacture of the aircraft’s wing structure. 


A4D Skyhawk. Flight, Mar. 7, 1958, pp. 308- 
311, cutway drawing. Developmental history 
and ee characteristics of a Navy attack 
aircraft. 


Samolet Iak-11 i ego Ekspluatatsiia. V. 
Vetrinskii and A. Shabota. AKryl’ia Rodiny, 
Jan., 1958, pp. 16, 17. In Russian. Design, 
description, and performance characteristics of 
the Soviet Yak-11 trainer. 


Le Lockheed Electra. Pierre Jeandrain. Air 
Revue, Jan., 1958, pp. 17-26. In French. Dis- 
cussion of the design, development, and uses of the 
Lockheed Electra. 


Lightweight, Hi-Performance Military Aircraft. 
Welko E. Gasich. Western Av., Feb., 1958, pp. 
20-22. Discussion of the production of less 
costly, smaller, and less complex high-performance 
aircraft such as the T-38. 


Présentation du Hunting Jet Provost. J. H. 
Stevens. Air Revue, Feb., 1958, pp. 69-74 
In French. Description of the ‘Hunting Jet 
Provost, including structural, power-plant, and 
auxiliary systems, as well as performance charac- 
teristics and piloting and flight techniques. 


Landing, Landing Loads 


Automatic Approach and Landing System. H. 
W. Chitty, P. J. LaRochelle, and R. R. Zirm. 
Res. Rev., Jan., 1958, pp. 20-23. Evaluation of 
the Navy’ 's carrier all-weather flying program. 


Posadka Reaktivnogo Samoleta. G. Semenko. 
Kryl’ia Rodiny, Dec., 1957, pp. 14, 15. In Rus- 
sian. Discussion of landing characteristics of a 
jet aircraft. 


Piloting 

Bezopasnye Vremennye Intervaly Bombardi- 
rovshchikov Noch’iu. R. Sh. Batalov. Vestnik 
Vosdushnogo Flota, Jan., 1958, pp. 33-39. In 
Russian. Discussion of safe time intervals be- 
tween bomber aircraft during gt operation. 


Flying the Jet Stream. P. R. J. Reynolds and 
C.L.Chandler. (CAI-IAS Joint Meeting, Mont- 
real, Oct. 21, 22, 1957, Preprint 757.) Can. 
Aero. J., Mar., 1958, pp. 86-93. 


Comparative Evaluation of Aircraft Sonting 
Accommodation. R. F. Slechta, E. A. Wade, W. 
K. Carter, and J. Forrest. U SAF WADC "TR 


—— {AD 118097], Apr., 1957. 112 pp. 19 
refs. 


Airports 


Técnica y Futuro de los Aeropuertos. D. 
Federico Norefia. (2nd European Aero. Cong. 
Proc., Scheveningen, Sept., 1956.) Ing. Aero., 
July—Aug., 1957, pp. 9-15. In Spanish. Dis- 
cussion covering airports, their role, construction, 
and future trends taking into account problems of 
jet transportation. 


A New Look at New York International Airport. 
Esso Air World, Nov.-Dec., 1957, pp. 58-63. 
Description of the permanent buildings of the 
central terminal area to be completed in 1959-60. 


A Symposium on Airfield Construction on 
Overseas Soils. Airports & Airport Eng., Jan.- 
Feb., 1958, pp. 144-146, 154. 

Jet Transports Need Ground Service to Match 
Their Superior Flight Service. Marvin Whitlock. 
SAE J., Feb., 1958, pp. 39-41. Evaluation of a 
proposed system which involves the following: (1) 
taxiing the airplane straight in to the passenger 
gate, (2) loading passengers from corridors level 


serviced transport out with a tractor to the taxi 
strip. 


Runway Shorthand. Approach, Feb., 1958, 


pp. 5-13. Discussion of runway markings, air- 
field lighting, and approach lighting. 


Heliports 
Establishing a Heliport. 


Flight, Dec., 1957- 
Jan., 1958, pp. 14, 15, 32. 


Aviation Medicine, Space Medicine 


Arterial Blood Pressure Responses to G Forces 
in the Monkey. I—Sinusoidal Positive G. 
R. W. Lawton, L. C. Greene, G. H. Kydd, L. H. 
Peterson, and R. J. Crosbie. (Aero. Med. Assoc. 
28th Annual Meeting, Denver, May, 1957.) J. 
Av. Med., Feb., 1958, pp. 97-105. 

Postmortem Carbon Monoxide Analysis: 
Significance of Tissue Blood Content. Anton 
Tamas and Jane McElroy. USAF WADC TR 
57-686 [AD 142150], Nov., 1957. 15 pp. 

Continuous, Bloodless Recording of Blood 
Pressure by Means of an Electro-Mechanical 
Transducer. J. Stegemann. (Pflugers Arch., 
No. 262, 1956, pp. 419-424.) Git. Brit., RAE Lib. 
Transl. 691, Oct., 1957. 6 pp. 10 refs. 

Synchrony of Neural Activity in Electric Re- 
sponses Evoked by Transient Acoustic Stimuli. 
M. H. Goldstein, Jr., and Nelson Y-S Kiang. 
ASA J., Feb., 1958, pp. 107-114. 10 refs. 
USAF-Army-Navy-sponsored investigation in 
which responses evoked by transient acoustic 
stimuli are recorded by gross electrodes from the 
periphery and cortex of the cat. The response to 
clicks and to the rapid onset of bursts of noise or 
tones are characterized by a sharp N; peak in the 
peripheral response and by a broader cortical 
response. 


Aspects Psychologiques de la Collision en Vol. 
&. Missenard. (Inst. Fr. Nav. Internatl. Cong., 

London, June 5-7, 1957.) Navigation (Paris), 
Jan., 1958, pp. <4, In French. Discussion of 
the psychological aspects of collisions in flight. of 

Aspectos Fisiolégicos del Vuelo a Gran Altura. 
Jorge Morell Guardia. Rev. Aero., Jan., 1958, 
pp. 24-32, In Spanish. Discussion of physio- 
logical aspects of high-altitude flight. 


The Biotechnical Problem of the Human Body 
as a Heat Exchanger. L. P. Herrington. (AS- 
ME Semi-Annual Meeting, San Francisco, June 
9-13, 1957, Paper 57-SA-5.) ASME Trans., 
Feb., 1958, pp. 343-345. 12 refs. Discussion, 
pp. 345, 346. Discussion showing that a large 
body of calorimetric data on the human heat ex- 
changer can be summarized in statistically de- 
rived empirical equations. 


A New Aviation Oxygen Mask with ne- 
Controlled Suspension Adjustment. é 
Seeler. (Aero Med. Assoc. 28th Annual Movies’ 
Denver, May, 1957.) J. Av. Med., Feb., 1958, 
pp. 130-135 


Effects of Activity on Metabolic Rates of Sub- 
jects Wearing the Aviator’s Full Pressure Suit. 
P. R. Tiller and H. R. Greider. (Aero. Med. 
Assoc. 28th Annual Meeting, Denver, May, 1957.) 
J. Av. Med., Feb., 1958, pp. 117-121 


Middle Ear Perception of Pressure and Pain in 
Descent from Altitude. C. R. Spealman and J. 
C. Cherry. J. Av. Med., Feb., 1958, pp. 106-110. 


Collapse During Rapid Report 
of Three Cases. F. M. G. Holmstrom. (2nd 
European Cong. Av. Med., Stockholm, Sept. 17, 
1957.) J. Av. Med., Feb., 1958, pp. 91-96. 11 
refs. Presentation of three cases of collapse in an 
altitude chamber within the safe limits established 
by Luft and Bancroft—i.e., under a decompres- 
sion from 8,000 ft. to 22 ,000 ft. in approximately 
2.0 sec, 


High Altitude Balloon Dummy Drops. 
Unstabilized Dummy Drops. Raymond A. 
Madson. USAF WADC TR 57-477, Pt. I[AD 
130965), Oct., 1957. 40 pp. Experimental in- 
vestigation establishing a method of stabilizing 
the free-falling body. 


The Relation of Threshold Criterion to the 
Functional Receptors of the Eye. Appendix A— 
Spectral Density Characteristics of Corning 
Filters and Farrand Filters as Measured on the 
Beckman Spectrophotometer. Appendix B— 
Calculation of Threshold Luminances. John L. 
Brown, Margaret P. Kuhns, and Helmut E. Ad- 
ler. USAF WADC TR 57-449 [AD 130928}, 
Aug., 1957. 22 pp. 19 refs. Determination of 
luminance thresholds for the resolution of grating 
test patterns by the method of constant stimuli. 
Measurements are made for the dark-adapted eye, 
and the thresholds are obtained with each of eight 
selected color filters and with Wratten neutral 
tint filters. 


The Relation of Age to Success in Flight Train- 
ing. W. W. Willingham. J. Av. Med., Feb., 
1958, pp. 136-138, 


Combat Performance Characteristics As- 
sociated with Changes in the Membership of 
Medium-Bomber Crews. D.G. Forgays and B. 
I. Levy. USAF PTRC RR TN 57-140 [AD 
146414), Dec., 1957. 18 pp. 


Bioelectric Measures During Flight; A Pre- 
liminary ae J. G. Roth, S. I. Cohen, A. J. 


with cabin doors, (3) pushing the loaded and Silverman, G. E. Johnson, and E. G. Correil. 
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(Aero Med. Assoc. 28th Annual Meeting, Denver, 
May, 1957.) J. Av. Med., Feb., 1958, pp. 139- 
144. 


Chemistry 


The Photolysis of Alkyl Esters. P. Ausloos. 
Can. J. Chem., Feb., 1958, pp. 383-392. OSR- 
supported research, 


The Liquid Phase Photolysis of Diethyl Ketone 
ont Methyl Ethyl Ketone. P. Ausloos. Can. J. 

Chem., Feb., 1958, pp. 400-409. 17 refs. OSR- 
supported research. 


The Micro Estimation of Fluorine in Organic 
Substances. G. Kainz and F. Schdller. 
chim. Acta, No. 1, 1956, pp. 843-849.) Gt. 
Brit., CDEE Porton Transl. 210, Jan. 9, 1958. 
6 pp. 18 refs. 


Extracts from Volumetric Analysis of Fluorine 
with Zirconium Chloride Solution. H. Von Zep- 
pelin. (Angew. Chem., No. 12, 1951, pp. 281 
282.) Gt. Brit., CDEE Porton Transl. 211, Jan. 
10, 1958. 2 pp. 


The Influence of Storage Conditions on the 
Sintering of Zinc Oxide Pressings. Appendix 
I—The Impurity Content of the Zinc Oxide Powd- 
ers. J. Hutchings and J. P. Roberts. Gt. Brit., 
RAE TN Met. 268, Aug., 1957. 13 pp. 15 refs. 


Kinetics of the Anodic Oxidation of the Oxalate 
Ion. Il—Theoretical Discussion. J. Llopis, J. 
Fernandez Biarge, and J. M. Guillen. (An. Fis. y 
Quim., No. 52B, 1956, pp. 601-616.) Gt. Brit., 
MOS TIL/T4819, Jan., 1958. 15 pp. 47 refs. 


Computers 


A New Approach to Small-Computer Program- 
ming and Control. J. J. Lentz. IBM J. Res. & 
Devel., Jan., 1958, pp. 72-83. 


Magnetic-Recording-Head Selection Switch. 
L. D. Seader. IBM J. Res. & Devel., Jan., 1958, 
pp. 36-42. Description of the device including 
its performance illustrated by means of experi- 
mental results. The problem of obtaining suit- 
able fast current rise time during writing as well 
as that of crosstalk from unselected recording 
heads during reading is analyzed. 


Izmerenie Rabochei Poverkhnosti Konoidov 
Metodom Sravneniia s Obraztsom. A. V. Rum- 
iantsev. IJzmer. Tekh., Jan.-Feb., 1958, pp. 7-10. 
In Russian. Measurement of the conoid effective 
area by the method of model comparison. 


Computation of Arctan Nfor- © <N< + ~ Us- 
ing an Electronic Computer. E.G. Kogbetliantz. 
IBM J. Res. & Devel., Jan., 1958, pp. 43-53. 
Formulation of the most economical procedures 
for the approximate evaluation of Arctan N 
adapted to binary and/or decimal computing ma- 
chines and sufficiently flexible to yield as many 
correct significant digits as desired. 


An Analogue Comtuter for Convective Heating 
Problems. H. R. Robinson. (Gt. Brit., 
RAE TN GW 434, Oct., 1956.) Gt. Brit., ARC 
CP 374,1957. 24 pp. BIS, New York, $0.63. 


Handling Data Automatically. Malcolm Stew- 
art. Instrumentation, Jan.-Feb., 1958, pp. 4-8. 
Evaluation of automatic data-handling systems 
for gathering fast, accurate, dependable informa- 
tion about today’s complex industrial processes, 
as compared with data handling by operators. 


Elektronische Rechenanlagen und ihr Einsatz 
in der Luftfahrt. ©. Heilingbrunner. Flugwelt, 
Mar., 1958, pp. 160-162. In German. Discus- 
sion of electronic computers and their application 
to aviation, 


A Learning Machine. I. R. M. Friedberg. 
IBM J. Res. & Devel., Jan., 1958, pp. 2-13. 
Development of a machine that can operate 
without receiving any instructions. An experi- 
mental test of this principle is described in detail. 


7 Jobs for the Airborne Computer in Aircraft 
Navigation and Control. Edward L. Braun and 
Geoffrey Post. SAE J., Feb., 1958, pp. 63-66. 


Control Theory 


A Routine Method of Approximating to the 
Transient Response of a Linear System from its 
Fr y E. Rushton. Gt. Brit., 
RAE TN 1.A.P. 1070, Aug., 1957. 55 pp. 14 
refs. Description of the method, based on a 
Fourier series, and presentation of extensive tables 
as well as an algebraic manipulation in systematic 
form to reduce computation. 


Automation in North America. S. B. Bailey. 
Gt. Brit., DSIR OTR 3, 1958. 66 pp. 21 refs. 
BIS, New York, $0.72. 


Les Bases de |’Automatisme et du Réglage 
Automatique. Victor Broida. (AFRA Conf, 
St-Etienne, Mar. 20, 1957.) Soc. Ingr. Civils de 
France Mém., Nov.-Dec., 1957, pp. 554-561. In 
French. Discussion of the fundamental concepts 
of automation and of automatic control. 


Quelques Apercus sur |’Utilité des Mathémati- 
ques de 1l’Automatisme. M. Victor Broida. 
(AFRA Conf., Bordeaux, June 7, 1957.) Soc. 
Ingr. Civils de France Mém., Nov.-Dec., 1957, pp. 
562-570. In French. Discussion of the role of 
mathematics in automation. 
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Here Is What YOU Should Know about the Benefits of 
Professional Membership in IAS . . . 


eS Recognition, Prestige, Fellowship. You share in the Institute’s high professional standing with 


leaders of the aero/space industry—a frequent aid to personal advancement—and enjoy numerous opportunities 
to meet and talk informally with your professional associates. 


t= Section Activities. Every major aeronautical center in the U.S. is served by an active IAS Section. 
The Section in your area holds regular meetings, field trips, and other events of interest. 


= Meetings. One meeting a day throughout the year is the national average, not including dozens of field 
trips to important aerospace installations. These activities, both at the National and Section levels, keep you 
in touch with the most recent and significant developments and trends. More than the presentation of technical 
papers, [AS meetings are an open forum for the testing and evaluation of new ideas, giving you the opportunity to 
stay professionally awake, take part in discussions, and explore new fields of interest to you. 


t= Publications. AERO/SPACE ENGINEERING presents up-to-the-minute engineering articles, reviews, 


abstracts, comments, and news of the industry and your fellow members. A monthly, AERO/SPACE ENGINEER- 
ING reports directly to you on all activities and advancements in your profession. 


The Journal of the Aeronautical Sciences appears each month, bringing you scientific papers on new 


theory, research, and developments in all areas of aero/space endeavor. Authors are the top technical specialists 
in their fields. 


The Roster is an annual directory of the members of your profession, arranged both alphabetically and 
by company affiliation, which enables you to identify and locate your professional associates. 


The Aeronautical Engineering Index is a year-end compilation of reviews printed in AERO/SPACE 
ENGINEERING, a comprehensive index to aerospace engineering literature which covers articles, reports, and 
books published in the U.S. and abroad. 


The Aeronautical Engineering Catalog annually gives you product information, specifications, sources 
of supply, and other essential data on aero/space craft, materials, components, and accessories. 


cm Special Publications. Through the Sherman M. Fairchild Publication Fund, the IAS publishes special- 
ized technical reports and selected preprints of papers presented at regular Institute meetings. 


= Library Facilities. The \AS Library, one of the most comprehensive collections of aerospace litera- 


ture in the world, gives you direct access to published reports, periodicals, and books, available to you through 
its lending, photocopy, and reference services. 


t= Personnel Opportunities. this free contact service publicizes members’ availability for employ- 
ment throughout the aero/space industry and also keeps you informed of professional openings. 


A Final Word. As you advance in your profession from students to junior engineers to senior 
engineers (and up), you may also advance in the professional grades of member- 
ship in |AS: from Student Members to Associates to MEMBERS to Associate Fellows. 
This advancement will continually increase the opportunities you will have to 
associate, contact, and collaborate with — and become — the most influential 
and respected leaders of your profession. 


The postage-paid Inquiry Cards at the back of this issue may be used for further 
information. 


33355 


INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 
2 East 64th Street New York 21, N.Y. 
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Introduction 4 l’Etude de l’Automatisme. M. 
U. Zelbstein. Soc. Ingr. Civils de France Mém., 
Nov.-Dec., 1957, pp. 571-582. In French 
Study of the problem of automation, evaluation 
of the basic theory, and discussion of new tech- 
niques. 

Sravnitel’nye Issledovaniia Porshnei. 
Veller and A. A. Zhuravleva. Teploenergetika, 
Feb., 1958, pp. 36-43. In Russian. Presenta 
tion of experimental results on the operation of 
pistons used in automatic control systems. 

The Anatomy of Automation. II. George H. 
Amber and Paul S. Amber. Elec. Mfg., Feb., 
1958, pp. 124-134. 


Statistical Treatment of Sampled-Data Control 
Systems for Actual Random Inputs. Masahiro 


V.N. 


Mori. (ASME Instr. & Reg. Div. Conf., Evans 
ton, Apr., 8-10, 1957, Paper 57—I1 RD-10.) AS 
ME Trans., Feb., 1958, pp. 444-450. 15 refs 


Presentation of fundamental statistical relations 
of sampled-data systems in terms of the correla- 
tion functions of time series, pulse spectral densi 
ties, and modified z-transforms. 


Design of a Self- Syieides Control System. 
R.E. Kalman. (ASME Instr. & Reg. Div. Con/., 


Evanston, Apr. 8-10, 1957, Paper 57- 
ASME Trans., Feb., 1958, pp. 468-477. 11 refs. 
Discussion, pp. 477, 478. Discussion of the prob- 
lem of building a machine which adjusts itself 
automatically to control an arbitrary dynamic 
process, The design, performance, and charac- 
teristics of a small computer, acting as such a ma- 
chine, are presented. 

Analysis of the Transient Response of Non- 
linear Control Systems. P. E. W. Grensted. 
ASME I nstr., & Reg. Div. Conf., Evanston, Apr. 
8-10, 1957, Paper 57—I RD-8.) ASME Trans., 
Feb., 1958, pp. 427-432. 17 refs. Calculation of 
the transient ennenee by means of a new analyti- 
cal method. The wave form at the input to a 
nonlinear element is assumed to be a damped oscil- 
lation, while the output is considered to be a num- 
ber of damped oscillations, of which only the 

lowest is significant. 

Algebraic Approach to Design of Automatic 
Controls. Rufus Oldenburger. (ASME Instr. & 
Reg. Div. Conf., Evanston, Apr. 8-10, 1957, Paper 
57—IRD-2.) ASME Trans., Feb., 1958, pp. 
433-441. 16 refs. Discussion, pp. 441-443. 
Description of the method, including a right to 
left synthetic division enabling an approximation 
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tows: 


turbine stator blades of the Curtiss-Wright J-65 

jet engine against high temperature corrosion. 

“ALUMICOATing” metallurgically bonds aluminum 
to stainless steels and the super-alloys for 


severe high temperature oxidizing conditions. 


Use the ALUMICOAT Process to solve your 
high temperature problems! 


June 1958 


Send the coupon today for 
complete details. 


ARTHUR TICKLE 
ENGINEERING WORKS, Inc. 


22B Delevan Street 
Brooklyn 31, N. Y. 


of some of the roots, after which the solution for 
all the roots can be obtained. 


Optimization of Time-Varying Linear Systems 


with Nonstationary Inputs. Marvin Shinbrot 
(ASME Instr. & Reg. Div. Conf., Evanston, Apr 
8-10, 1957, Paper 57—I RD-3.) ASME Trans., 
Feb., 1958, pp. 457-462. 

A Feedback Circuit Equivalence. A. W. Keen 
Electronic & Radio Engr., Jan., 1958, pp. 8-12. 
Application of shunt feedback over a bootstrap- 
type amplifier yields a circuit configuration which 
is essentially identical with that of the conven- 
tional (grid input-anode output) shunt feedback 
amplifier. 

An Error-Sampled Sweep-Position Control 
System. C. H. Knapp, E. Shapiro, and R. A. 
Thorpe. 1BM J. Res. & Devel., Jan., 1958, pp. 
14-35. 10 refs. Application of sampled- data 
theory to the synthesis of a feedback-control 
system. A detailed description of the design and 
operation of a transistor system prototype is also 
given. 


Matrichnyi Metod Analiza i Sinteza Elektron- 
no-Impul’snykh i Releino-Kontaktnykh (Nepri- 
mitivnykh) khem. M. L. Tsetlin. AN SSSR 
Dokl.; Dec. 21, 1957, pp. 979-982. In Russian 
Development of a metric method of analysis for 
pulse-electronic and relay circuits. 


Methods for Determining Transient Response 
of Servo Systems. I-—Relation Between Fre- 
quency Response and Transient Response. J. 
M. Nightingale. Mach. Des., Feb. 6, 1958, pp. 
126-131. 20 refs. 

Methods for Determining Transient Response 
of Servo Systems. [—tTr 
from Transfer Functions. J. M. wie 
Mach. Des., Feb. 20, 1958, pp. 148-155. 22 refs 


Education & Training 


Learning Task and Mode of Operation Vari- 
ables in Use of ~ Subject-Matter Trainer. A. 
L. Irion and L. Briggs. USAF PTRC TR 
57-8 [AD Oct., 1957. 19 pp. 


A Laboratory Task for the Study of Individuals 
or Groups. T. B. Roby an T. Lanzetta. 
USAF PTRC RRTN 57-124 [AD 134256), Oct , 
1957. 15 pp. 


Reliability of the Map-Match Method for As- 
sessment of Navigator Performance in 4 
R. S. Daniel, R. G. Eason, and R. 
Dick. USAF PTRC RR TN 57-121 iAD 
134251], Oct., 1957. 12 pp. 


Interaction of Experience and Aptitude in Pre- 
dicting Success in Training Courses for Airplane 
and Engine Mechanics. M.A. Gordon. USAF 
PTRC RRTN 57-133 [AD 146406], Nov., 1957. 
11 pp. 

Effects of Speed and Difficulty Level on the 
Factorial Content of Spatial Tests. D. A. Fruch- 
ter, L. D. Brokaw, and J. McReynolds. USAF 
PTRC RR TN 57-89 [AD 134232], June, 1957. 
14 pp. 10 refs. 


Prediction of Airman Reenlistment. Robert 
Fitzpatrick and J. W. Cullen. USAF PTRCTR 
57-12 [AD 146416], Dec., 1957. 10 pp. 

Electronic Simulation for the Jet Age. E. G. 
Schwarm. Aero/Space Engrg., May, 1958, pp. 
34-37. Description of the basic simulator units 
and discussion of its applications and economics. 


of Two Fire System 


nance Training Devices. J. Briggs and W. 
DuVall. USAF PTRC rR 57-7 [AD 134c421, 
Sept., 1957. 13 pp. 

Electronics 


Nachrichtentechnik und Funkortung. VDI 
Zeitschrift, Feb. 11, 1958, pp. 193-205. 190 refs. 
InGerman. Partial Contents: Fernmeldetechnik, 
Willi Althans. H6ér- und Fernseh-Rundfunk, 
Erich Schwartz. Elektroakustik, Helmut Harz. 
Radartechnik und Funknavigation, Walter Stan- 
ner. Hochfrequenzmesstechnik, H. Schneider. 
Includes: communications, electroacoustics, 
radar, and radio-navigation techniques. 


Ferroelectric Crystals. H. H. Wieder. Res. 
Rev., Feb., 1958, pp. 17-20. Discussion of the 
properties and the electronic applications of fer- 
roelectric crystals. 


Amplifiers 


New Types of D.C. Amplifier. iI—The Cas- 
cade-Balance System. D. J. R. Martin. Elec- 
tronic & Radio Engr., Jan., 1958, pp. 2-7. De- 
scription of an amplifier in which the zero varia- 
tions in the first stage, due to supply-voltage and 
temperature fluctuations, are balanced against 
those in the second stage instead of balancing the 
variations between valves in a stage. 

More Transformerless Amplifiers. Wireless 
World, Mar., 1958, pp. 145, 146. 13 refs. Re- 
view of recent work on single input series-con- 
nected output stages. 

Magnetic Amplifiers Regulate D-C Supply- 
M. B. Meunier. Electronics, Feb. 28, 1958, pp. 
68-70. Description of a device which uses a con- 


ventional magnetic amplifier to regulate the nor- 
mal variations in supply voltage and frequency 
within the limits of the specifications, while @ 
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The higher you are, the further you can 
see. The same applies to radar. The 
modern crow’s nest for radar is the 
Grumman WF-2 Tracer. With electronic 
eyes set in an aerodynamic saucer, the 
Tracer can track distant aircraft and high 
speed weapons and give early warning 

to its task force. 


The WF-2 Tracer is another example of 
Grumman helping to make the United 
States Navy the most effective police force 
in cases of international delinquency, plus 
a deterrent to all-out aggression. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage Longisiand + New York 


saturating transformer preceding the magnetic 
amplifier handles rapid transients. 

Magnetic Amplifier Drives Gyro Indicator. 
Clifford C. Voice. Electronics, Feb. 14, 1958, pp. 
114-117. Description of an amplifier with bal- 
anced two-core input, alternate firing output 
stage, and synchronous interstage switches to 
eliminate interaction between stages. 


Usilitel’ Moshchnosti HCH c Vysokim KPD. 
Ageev, V. Malanov, and K. Polov. Radio, 
Feb., 1958, pp. 45-47. ‘In Russian. Description 
of the high efficiency a.f. amplifier. 


Experimental 8-MM Klystron Power Ampli- 
fiers. T. J. Bridges and H. H. Curnow. JRE 
Proc., Feb., 1958, pp. 430-432. Description of 
klystron amplifiers capable of 75 watts C-W fora 
short period at a wavelength of 8 mm. 


A Study of the Effects Produced by Asymme- 
tries in the Two-Helix Backward-Wave Amplifier. 
Wilbur H. Watson. USAF WADC TR 57-72 
[AD 130876], July, 1957. 43 pp. 


Antennas, Radomes 


A New Table of the Amplitude Functions of the 
Iterated Sine- and Cosine-Integrals and Some 
Comments on the Aperiodic Functions in Hallén’s 
Antenna Theory. P.-O. Brundell. Acta Poly- 
technica, No. 10 (108), 1957. 13 pp. 


Antenna-to-Medium Coupling Loss. Harold 
Staras. IRE Trans., AP Ser., Apr., 1957, pp. 
228-231. Army-supported analysis which per- 
mits (a) evaluating the coupling loss even when 
nonconical nonidentical antennas are used at 
either end of the scatter circuit and (b) accounting 
for the anisotropy of atmospheric turbulence. 


A Low-Frequency Annular-Slot Antenna. 
James R. Wait. J. Res., Jan., 1958, pp. 59-64. 
Examination of the radiation characteristics of 
the device in a thin perfectly conducting ground 
plane, assuming a dissipative medium (such as 
soil) below the ground plane. 


Traveling Wave Slot Makes Novel X-Band 
Beacon Antenna. L. K. DeSize and L. J. Kus- 
kowski. Av. Age., Mar., 1958, pp. 186-192. 
Description of a traveling wave slot antenna with 
a thin E-plane dimension for obtaining omnidirec- 
tional coverage in the azimuth plane. 


Back-Scattering Cross Section of a Thin, Di- 
electric, Spherical Shell. M. G. Andreasen. 
IRE Trans., AP Ser., July, 1957, pp. 267-270. 
Development of a numerical method for calculat- 
ing back-scattering cross section, making use of 
simplified boundary conditions. 


Some Observations of Antenna-Beam Distor- 
tion in Trans-Horizon Propagation. A. T. Water- 
man, Jr., N. H. Bryant, and R. E. Miller. [RE 
Sen AP Ser., July, 1957, pp. 260-266. 10 


A Helical Line Scanner for Beam Steering a 
Linear Array. Louis Stark. JRE Trans., AP 
Ser., Apr., 1957, pp. 211-216. USAF-Army- 
Navy-supported development of an antenna beam 
scanner which uses the phasing principle for 
beam steering of a linear array. 


Circuits & Components 


Cryogenic Devices in Logical Circuitry and 
Storage. J. W. Bremer. Elec. Mfg., Feb., 
1958, pp. 78-83. 


Unusual Transistor Circuits; Gating, Lining 
and Other Operations, Mainly for Pulse Work. 
P. L. Burton and J. Willis. Wireless World, 
Mar., 1958, pp. 107-110. 


The Probability Distribution of the Filtered 
Output of a ultiplier. Appendix I—Some 
Lemmas About Integral Equations. Appendix 
IIl—The Expansion of C(u). Appendix III— 
Johnsonian Curve-Fitting: the Expansions for 
wand m. D.C. M. Leslie. Gt. Brit., RAE 
TN G.W. 470, Sept., 1957. 48 pp. 13. refs. 
Development of two different approximations for 
determining the probability distribution in the 
case where the input to the multiplier is filtered 
through a single tuned circuit and its output 
a a simple R-C circuit. 


mgitontion Circuit for the Internal Cavity 
ont eflex Klystron. Koryu Ishii. Nihon U., 
Res. Inst. Tech. J., Dec., 1956, pp. 1-10. 14 refs. 
Theoretical and experimental investigations of 
two types of amplification circuits, one using the 
cut-off type variable reactor, the other a coaxial 
type. Theory and experiment are in agreement. 


Communications 


Special Issue: Problems Relating to the In- 
stallation and Operation of Radio Equipment in 
Helicopters. Helicopter Assn. Gt. Brit. J., Feb., 
1958, pp. 1-22; Discussion, pp. 22-28. Partial 
Contents: General Introduction, D. W. Griffiths 
Installation Problems, M. P. Kitson. Aerial 
Systems, R. A. Burberry. A.D.F. Installations, 
P. P. Creek. Decca Navigator Installations, G. 
Hinchliffe. 


A Communication Technique for atin 
Channels. R. Price and P. E. Green, Jr. [RE 

Proc., Mar., 1958, pp. 555-570. 53 refs. USAF- 
Army- Navy- supported functional description of 
the Rake system, and review of the communica- 
tion theory studies indicating the optimal prop- 


erties of such systems. 
and test results are given. 


Stereophonic Listening and Speech Intelligi- 
bility Against Voice Babble. Irwin Pollack and 
J. M. Pickett. (USAF CRC TN 57-3, 1957.) 
ASA J., Feb., 1958, pp. 131-133. Study on the 
utilization of a particular form of stereophonic in- 
formation with respect to the intelligibility of a 
single speech source heard in the presence of a 
voice babble of other speakers. 

Masking of Speech by Noise at High Sound 
Levels. Irwin Pollack and J. M. Pickett. 
(USAF CRC TR 57-6, 1957.) ASA J., Feb., 
1958, pp. 127-130. l5refs. Test results indicat- 
ing that, over a wide range of conditions, deterior- 
ation of speech intelligibility is observed with a 
constant speech-to-noise (S/N) ratio at high noise 
levels. Little change in intelligibility is observed 
for overall speech levels to 130 db. in the absence 
of background noise. 


Transistorized P-A System Adjusts to Aircraft 
Noise. J. M. Tewksbury. Electronics, Feb. 14, 
1958, pp. 106, 107. Description of a P-A system 
which uses a single preamplifier with up to five 
power amplifiers and speakers for uniform audio 
distribution throughout the seating area. 


Details of construction 


Dielectrics 


Use of Complex Conductivity in the Represen- 
tation of Dielectric Phenomena. F. A. Grant. 
J. Appl. Phys., Jan., 1958, pp. 76-80. Presen- 
tation of a complementary representation, in 
which a simple Debye mechanism results in a 
semicircle, including examples of its utility. 


Electronic Tubes 


Weve O. T. Purl, J. R. Anderson, and G 
R. Brewer. IRE Proc., Feb., 1958, pp. 441-— 448. 
17 refs. Discussion of design ‘considerations, con- 
struction, and performance of an S-band, pulsed, 
kilowatt-level traveling-wave tube, focused by 
means of periodic permanent magnets. 


Magnetic Devices 


Designing Minimum Weight Magnetic Cores. 
John W. Kallander. Elec. Mfg., Feb., 1958, pp. 
118-123. Development of a method for deter- 
mining the magnetic core, case, and coil configura- 
tion which yields the minimum weight for a given 
volt-second capacity of the core and coil. 


Nonmetallic Ferromagnetic Materials and De- 
vices. John M. Blank, Robert W. Johnston, 
Harold W. Katz, Gerald G. Palmer, and Nathan 
Schwartz. USAF WADC TR 57-123 [AD 
142104], Oct., 1957. 134 pp. Discussion of 
the development of ferrite materials for high- 
power applications, low-signal applications, and 
dynamic magnetostrictive applications for opera- 
— . in the temperature range of —65°C. to 
+250 


Becks Transformers for Blocking Oscilla- 
tors. R. D. McCartney. Electronics, Feb. 28, 
1958, pp. 78-80. Presentation of design data for 
blocking oscillator transformers. 


Preparation of Polyc: eres Ferrimagnetic 
Garnet Materials for icrowave Applications. 
W. P. Wolf and G. P. Rodrigue. J. Appl. Phys., 
Jan., 1958, pp. 105-108. 18 refs. USAF-sup- 
ported description of a simple chemical method for 
preparing the garnets. 


Extending Transducer Transient Response by 
Electronic Compensation for High-Speed Physical 
Measurements. F. F. Liu and T. W. Berwin. 
Rev. Sci. Instr., Jan., 1958, pp. 14-22. 28 refs. 
Description of systems which automatically and 
continuously correct for dynamic errors of trans- 
ducers during transient and steady-state measure- 
ments. 


Measurement & Testing 


Integrator-Amplifier for Core Measurements. 
Charles E. Goodell. Electronics, Feb. 14, 1958 
pp. 111-113. Description of a Miller-type inte- 
grator which measures instantaneous and peak 
flux in cores at excitation frequencies of 60, 400, 
and 1,600 cps 


Networks, Filters 


Theory of Networks of Linearly Variable Re- 
sistances. Harold Levenstein. JRE Proc., Feb., 
1958, pp. 486-493. Derivation of a theory for 
circuits constructed of linear rheostats driven 
from a common input shaft. A correspondence 
between these networks and RL networks is used 
to demonstrate that driving point impedances and 
transfer functions are real rational fractions in a 
real variable, the input shaft rotation. 


The Analysis of Poduntnney Networks. Fred 
Moskowitz. USAF RADC TN 58-42 [AD 
148588], Feb., 1958. 24 pp. 12 refs. Investi- 
gation of various properties and characteristics of 
probabilistic redundancy networks which can be 
used to represent reliability relationship in com- 
plex equipment containing the following: redun- 
dant elements, large scale systems containing a 
multiplicity of alternative subsystems, or tele- 
communication nets containing possibilities of 
alternative routing. 
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With all laminations smoothly y{N ALUMINUM 
surface-bonded, LAMINUM looks with laminations of .003’ 
and acts like solid metal, yet ¥|N STAINLESS STEEL 
simply p-e-e-l-sforathousandth — with laminations of .002” or 


fit—right at the job. Mild Steel and Brass. 
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General Physical Laws for the Electrical Filter 
Ladder. Torbern Laurent. Acta Polytechnica, 
No. 5 (116), 1957. 22 pp. Discussion showing 
that a highly selective filter should always, for 
technical and economic reasons, be formed as a 
filter ladder composed solely of series and shunt 
arms. 


High-Frequency Crystal Filter Design Tech- 
niques and Applications. David I. Kosowsky. 
IRE Proc., Feb., 1958, pp. 419-429. 15 refs, 


Noise & Interference 


Theory of Junction Diode and Junction Tran- 
sistor Noise. A. Van Der Ziel and A Ee 
Becking. JRE Proc., Mar., 1958, pp. 589- 594. 
Discussion and formulas for shot noise in junc- 
tion diodes and transistors in which (a) all current 
is carried by one type of carrier, (b) the carrier 
flow is one-dimensional, and (c) the recombination 
is by volume recombination, 

Low Noise Tunable Preamplifiers for Mi- 
crowave Receivers. M. R. Currie and es 
Forster. JRE Proc., Mar., 1958, pp. 570- 579. 
18 refs. Demonstration of a new type of low- 
noise amplifier designed to satisfy the need for 
rapidly tunable selective preamplification at mi- 
crowave frequencies. Experiments indicate that 
still lower noise figures are possible for backward- 
oe amplifiers and other types of microwave 
tubes, 


Oscillators, Signal Generators 


Polyphase Oscillators. A. S. Gladwin. Elec- 
tronic & Radio Engr., Jan., 1958, pp. 16-24. De- 
scription of circuit arrangements suitable for both 

d and even number of phases, 


Radar 


Radar Beam Coding Techniques. H. W. 
Headle. USAF RADC TN 57-393 [AD 131391], 
Dec., 1957. 11 pp. Description of the technique 
allowing a radar to send digital information to 
one or more targets while not interfering in any 
way with the primary objective of the radar sys- 
tem. 


A Method of Electronically Steering and Feed- 
ing a Coherent Radar Array. G. J. Vogel. USAF 
RADCTN 58-1 [AD 148531], Jan., 1958. 13 pp. 
Derivation of the relationship between the rela- 
tive phase difference, the frequency of transmis- 
sion, and the radar beam direction. 

Das Feuerleit-Radargerat A. A. Nr. 3 Mk. 7. 
M. Wildi. Flugwehr & -Technik, Jan., 1958, pp. 
8-10. In German. Description of the antiair- 
craft radar installation Mk. 7. 


Reliability 

Random Vibration Testing for Evaluation of 
Electronic Components for Aircraft and Missile 
Environments. James P. Monroe. Aero/Space 
Engrg., May, 1958, pp. 78-80. Presentation of 
the characteristics of random vibration as well as 
development of a method for the evaluation of 
such tests. 


Semiconductors 


The Problem of Saturation of the Hall ‘‘Con- 
stant’’ in Semiconductors in Strong Magnetic 
Fields. F.G. Bass and M. I. Kaganov. (Zhur- 
nal Exper. i Teoret. Fiz., May, 1957, pp. 1,233- 
1,235.) Sov. Phys.-JETP, Dec., 1957, pp. 1,002- 
1,004. Derivation of an expression for the Hall 
constant in strong magnetic fields, valid for semi- 
conductors containing narrow bands. 

Remarks on the Theory of the Electronic 
Plasma in Semiconductors. V. L. Bonch-Brue- 
vich. (Zhurnal Exper. i Teoret. Fiz., May, 1957, 

._ 1,092-1,097.) Sov. Phys. - JETP, Dec., 
1957, pp. 894-898. Analysis on the scattering of 
current carriers by charged impurities using the 
many-electron theory of semiconductors. In ad- 
dition the ionization energy of impurity centers of 
the third and fifth groups in germanium-type 
semiconductors is calculated 


Intermetallic Semiconductors. H.T. Minden. 
Sylvania Tech., Jan., 1958, pp. 13-25. 50 refs. 
Description of preparation methods, properties, 
and applications of some of the compounds. 


Surface States on Germanium. George Wallis. 
Sylvania Tech., Jan., 1958, pp. 6-12. 25 refs. 
Review of the properties of slow and fast surface 
states on etched germanium, and presentation of 
some methods for investigating these states. 


Fizika Transistorov. V.Shokli. Uspekhi Fis. 
Nauk, Jan., 1958, pp. 155-191. 43 refs. In Rus- 
sian. Discussion of the basic theory and applica- 
tions of transistors, with an evaluation of the 
relationship between the physical and chemical 
phenomena as well as between the theory and 
application. 


Effects of Low Temperatures on Transistor 
Characteristics. A.B. Credle. IBM J. Res. & 
Devel., Jan., 1958, pp. 54-71. Measurements of 
the four- pole parameters of a group of similar 
pnp alloy junction transistors in the frequency 
range from 0.5 to 5 mc., and from room tempera- 
tures down to that of liquid nitrogen. Theoret- 
ee parameter expressions are evalu- 
ated, 
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Telemetry 


Kompensatsionnaia Teleizmeritel’naia Sistema 
so Staticheskim Peredatchikom. V. S. ae: 
Izmer. Tekh., Jan.-Feb., 1958, pp. 43-47. 
Russian. Description of a compensating some 
metering system with static transmitters used for 
measuring temperature, velocity, and density and 
composition of gases. 


Transmission Lines 
Serrated Waveguide. 


I—Theory. R. S. El- 
liott. II—Experiment. 


K. C. Kelly and R. S. 
Elliott. JRE Trans., AP Ser., July, 1957, pp. 
270-283. 21 refs. USAF- supported study to 
determine an expression for the complex propaga- 
tion constant on the leaky hybrid mode in the 
serrated guide. Measurements are made for 
this propagation constant as a function of slot 
size and spacing. 


An Equivalent Circuit for E-Plane Linearly 
Tapered Waveguide in Voltage and Current 
Basis. Korgu Ishii. Nihon U., Res. Inst. Tech. 
J., Sept., 1957, pp. 53-57. In Japanese. 


A Technique for Controlling the Radiation from 
Dielectric Rod Waveguides. J. W. Duncan and 
R. H. DuHamel. JRE Trans., AP Ser., July, 
1957, pp. 284-289. Method for controlling radia- 
tion by placing obstacles or antenna elements at 
a points along the waveguide. The 

En mode on a dielectric rod is used to excite 
concentric rings and radial wires. 


Contribution to the Theory of Wave Guides 
with Stratified Medium. Loo Wen. Sci. Rec- 
ord, Oct., 1957, pp. 71-74. 


Step Discontinuities in Waveguides. W. E. 
Williams. JRE Trans., AP Ser., Apr., 1957, PP. 
191-198. USAF- supported application of 
method developed by Wiener and Hopf for the 
solution of a certain class of integral equations to 
the problem of a discontinuity in the cross section 
of a rectangular waveguide. 


Wave Propagation 


Propagation of Waves in Helical Wave Guides. 
Chiao-Min Chu. J. Appl. Phys., Jan., 1958, pp. 
88-99. 13 refs. Army-supported determina- 
tion of the effects of wire size and shape on the 
attenuation and harmonic fields of monofilar and 
multifilar helices. A method is presented for 
extending the obtained rigorous solution for thin- 
tape conductors to a wide variety of developed 
thick conductors. 


Predvaritel’nye Dannye o Rasprostranenii 
Radiovoln. A. Kazantsev. ‘adio, Dec., 1957, 
pp. 7,8. In Russian. Discussion of preliminary 
data on wave propagation obtained from artificial 
earth satellites. 


Wave Theory 


The Transient Behavior of the mueghomen- 
netic Ground Wave on a Spherical Earth. 
Wait. IRE Trans., AP Ser., Apr., 1957, _ 
198-202. 10 refs. Calculations showing that 
the departure of the leading edge of the radiation 
field from a step function form is a consequence of 
diffraction and loss in the finitely conducting 
ground. 


Equipment 


Missileborne Auxiliary Power. D. G. Bur- 
dick, P. I. Wood, and J. S. D’Abusco. Missile 
Des. & Devel., Feb., 1958, pp. 16-18. Discussion 
of typical missile requirements and projected 
development trends in industry. 


Electric * 


WiStudy of Miniature Engine Generator Sets. 
IV—Investigation of Altitude and Low Tempera- 
ture Performance; Starting, Cooling, Carbure- 
tion, Controls Systems; and Noise Reduction. 
Owen E. Buxton, Jr., Richmond A. Gooden, 
Arthur W. Leissa, and Charles F. Sepsy. USAF 
WADC TR 53-180, Pt. IV [AD 130939], Oct., 
1956. 106pp. 39refs. 


Study of Miniature Engine-Generator Sets. 
V—Summary Report: Marion L. 
Smith, Owen E. Buxton, Jr., and W. ‘Fame. 
USAF WADC TR 53-180, Pt. V[A? 130940], 
Oct., 1956. 78 pp. 43 refs. Summery of the 
present and potential performance characteristics 
of miniature reciprocating internal-combustion 
engines with a.c. and d.c. generators. 


Fractional-Slot Windings for Three-Phase 

frasoonens Machines and Their Properties at 
mil Alm. Acta Polytechnica, No. 

aii), 1937 42 pp. Investigation of the effect 
which the larger number of mmf-waves, moving 
in relation to the pole faces and typical for the 
fractional-slot winding, has on the extra losses in 
the pole faces. 


Fuels & Lubricants 


Spontaneous-Ignition Data of Hydrocarbons 
and Aviation Fluids. 
Aeronautics, Cranfield, Note No. 68, Sept., 1957. 

pp. Experimental investigation indicating 


E. M. Goodger. Coll. of 


that ignition temperature levels are similar in the 
case of paraffins, olefins, and naphthenes, but 
slightly higher with alcohols, and much higher 
with aromatics. Petroleum-based aviation fluids 
show a general temperature reduction with spe- 
cific-gravity increase. 

The Use of Polytetrafiuoroethylene as a Lubri- 
cant. E. Kay and E. D. Tingle. Brit. J. Appl. 
Phys., Jan., 1958, pp. 17-25. Experimental in- 
vestigation to overcome the difficulties due to 
poor thermal conductivity and low strength. 
This is achieved by the deposition of thin films of 
P.T.F.E. on metal substrates. 

Lubrication by Lamellar Solids. R.F. Deacon 
and J. F. Goodman. Royal Soc. (London) Proc. 
Ser. A, Feb., 1958, pp. 464-482. 37 refs. Dis- 
cussion of experiments made with a variety of 
lamellar solids for lubrication purposes at higher 
temperatures. The results show that low inter- 
crystallite adhesion is responsible for the low 
friction of lamellar solids. Emphasis is put on 
the importance of mechanical attachment of the 
lubricant to the metal surface for adequate pro- 
tection. 


Effect of Temperature on Rolling-Contact 
Fatigue Life with Liquid and Dry Powder Lubri- 
cants. Appendix—Apparatus and cedure. 
Thomas L. Carter. U.S., NACA TN 4163, Jan., 
1858. 40pp. 10refs. 


Effect of Lubricant Base Stock on Rolling- 
Contact Fatigue Life. Appendix A—Apparatus 
and Procedure. Appendix B—Pressure- 
ity Data. Thomas L. Crater. U.S., NACA 
TN 4161, Feb., 1958. 28 pp. 13 refs. Experi- 
mental investigation on five lubricants of different 
base stock using groups of 1/2-in. air-melt AISI 
M-1 tool-steel balls under rolling-contact fatigue 
conditions in the fatigue spin rig. 


wn Lubricants, Fuels and Related Ma- 
rials. E. Erwin Klaus and Merrell R. Fenske. 
USE WADC TR 55-30, Pt. V[AD 130907], 
July, 1957. 228 pp. Discussion of tests and 
techniques used in the development of improved 
hydraulic fiuids and jet engine lubricants for use 
in the high temperature range of 400° to 700°F. 


Colloidal Graphite and Its Influence on Friction 
and Lubrication, in Internal ‘owt 
tion Engines. J. U. Augustin and A. 
D’Ans. (VDI No. 7, 1957, pp. 
279.) Gt. Brit.. RAE Lib. Transl. 707, Dec., 
1957. 10 pp. i4 refs. 


Development of a Hydrolytically Stable High 
Temperature Hydraulic Fluid. Robert L. Peeler 
and Steve A. Kovacich. USAF WADC TR 57- 
119 [AD 130915), July, 1957. 61 pp. 63 refs. 
Investigation to improve the hydrolytic stability 
of silicate based hydraulic fluids operating in the 
—65° to 400°F. temperature range. 


High Temperature Wear Evaluation Tech- 
and Data. J. Benzing. USAF 
WADC TR 57-166 [AD 130953], July, 1957. 19 
pp. Discussion of the modifications necessary to 
increase the operating temperature potential of 
four types of lubricant testers. 


Chemical Fragments as Ultra-Energy Propel- 
lants (Abstracts Bulletin Ander- 
sen, J. H. Abraham, L. d G. Moe. 
Aerojet- Gen. TN 57-699) [AD 
136692), Oct., 1957. 54 277 refs. Review 
of literature on chemical embracing 
the related subjects of production, identification, 
and determination of properties. The ultra- 
energy substances include charged (ions) and un- 
charged (free radicals) molecular fragments. 


Gliders 


Pariashchii Polet v Potokakh Obtekaniia. V. 
Khrypov. Kryl’ia Rodiny, Jan., 1958, pp. 21-23. 
In Russian. Discussion of the fundamentals of 
hovering flight in a circumfluent stream. 


Ice Formation & Prevention 


Bibliography of Ice and Frost Control. T. H. 
McConica, III. USAF WADC TR 56-338, P. 
II [AD 142318], Jan., 1958. 73 pp. 322 refs. 


Instruments 


The Air Force Instrument Development Pro- 
gram. M.C. Demler. JAS 26th Annual Meet- 
ing, New York, Jan. 27-30, 1958, Preprint 795. 
19 pp. Members, $0.75; nonmembers, $1.25, 
Brief discussion on the fundamental requirements 
which had to be met due to the technological rev- 
olution in air weapons system. Some specific 
accomplishments are noted and discussed. 


Flight Instruments 


Theoretical and Experimental Investigations of 
the Aircraft Rate-of-Climb Indicators. Shin’- 
ichiro Takeda. Hosei U. Tech. Coll. Rep. 2, Dec., 
1957. 84 pp. In Japanese, with a summary in 
English. Summary of investigations made 
(1939-1945) on the design, operation, and produc- 
tion of the rate-of-climb indicators. 


Flow Measuring Devices 


Experimentally Constructed for 
Measuring Turbulence. Hiroyu Komoda. 
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Nihon U., Res. Inst. Tech. J., Sept., 1957, pp. 
43-52. 10 refs. In Japanese. Description of 
hot-wire anemometry equipment used to study 
turbulence in a low-speed wind tunnel. 


A Linear, Unidirectional Anemometer of Rapid 
Response. R. J. Taylor. J. Sci. Instr., Feb., 
1958, pp. 47-52... Discussion of factors influenc- 
ing a linear, unidirectional anemometer of rapid 
response. The theory of the anemometer circuit 
and methods of calibration are given. 


Gyroscopes 


Bearing Rotation and Reversal Averages Spuri- 
ous Torques. Des. News, Mar. 3, 1958, pp. 22, 
23. Description of a directional gyro which re- 
duces its radar drift rate by averaging out the 
error-producing torques induced by the sensitive 
axis ball bearing. The outer races of the gimbal 
bearing are continuously counter-rotated with 
respect to each other. 


Pressure Measuring Devices 


Description of a Sensitive Micromanometer. 
R. Eichhorn and T. F. Irvine, Jr. Rev. Sci. In- 
str., Jan., 1958, pp. 23-27. 14 refs. USAF- 
sponsored discussion of the device used for the 
measurement of pressures greater than 10~ in. of 
water with tolerable accuracy. 


The Recording of Pressure Distributions in 
Porous Media During Fluid Flow Experiments. 
T. O’Donnell, D. H. Edwards, N. Collis-George, 
and E. G. Youngs. J. Sci. Instr., Feb., 1958, pp. 
63, 64. Description of a null- -point method em- 
ploying small cells buried in porous material. 
These register when the external hydraulic pres- 
sure, obtained in the material at the points where 
the cells are buried, is balanced by a steadily in- 
creasing applied internal air pressure. 


Recording Microwave Hygrometer. J. B. 
Magee and C. M. Crain. Rev. Sci. Instr., Jan., 
1958, pp. 51-54. USAF-supported description 
of the device for continuously recording the water 
vapor pressure of atmospheric air over a wide 
ambient range. The principle employed involves 
the measurement by means of a cavity resonator 
of the contribution of water vapor to the refrac- 
tive index of atmospheric air. 


Stress & Strain Measuring Devices 


Special Issue: Strain Gage Issue. Instru- 
ment & Automation, Mar., 1958, pp. 447-461, 
470-472. Partial Contents: Strain- Gage Princi- 
ples, M. A. Legette. Strain-Gage Instrumenta- 
tion, C. M. Hathaway. Optical Strain-Gage 
Standard. Sensitivity Ratings for Strain Gages, 
P. K. Stein. High-Temperature Strain Gages, 
Louis Herezeg and Paul Beckman. Strain-Gage 
Instruments. 


Tachometers 


Diode Counter Calibrates Missile Testing 
Camera. Samuel E. Dorsey. Electronics, Feb. 
14, 1958, pp. 93-95. Description of a frequency 
tachometer to calibrate the speed of a continu- 
ously moving film in a camera used for smear pho- 
tography. 


Temperature Measuring Devices 


Errors in Measurements. 
A. B. Mijnheer. (Ing., No. 1, Jan. 7, 1955.) 
Gt. Brit., MOS TIL/T4821, Jan., 1958. 4 pp. 


Methods of Testing Thermocouples and _ 
mocouple Materials. Wm. Roeser and S. 
Lonberger. U.S., NBS Circ. ‘590, Feb. 6, 
21 pp. 32 refs. 


Osobennosti Izmerenii Temperatur v Uslovi- 
iakh Peremennoi Teplootdachi. A. N. Gordov. 
Izmer. Tekh., Sept.-Oct., 1957, pp. 29-32. In 
Russian. Discussion of the characteristic as- 
pects of temperature measurements under the 
conditions of variable heat emission. 


Vibration Measuring Devices 


Auswanderungserscheinungen in Schwingungs- 
messgeraten. F. Weidenhammer. Ing.-Arch., 
No. 1, 1958, pp. 43-60. 10 refs. In German. 
Analysis of the ‘‘wandering’’ phenomena in in- 
struments for oscillation measurement. 


Machine Elements 


Effect of Fiber Orientation in Races and Balls 
Under Rolling-Contact Fatigue Conditions. T. 
L. Carter. US. NACA TN 4216, Feb., 1958. 
37 pp. 

The Finite Lene Partial Fitted Journal Bear- 
ing with Axial Oil Groove. M. J. Jacobson. 
Quart. Appl. Math., Apr., 1958, pp. 1-10. Deri- 
vation of an expression for the pressure distribu- 
tion in the lubrication film when the lubricant is 
introduced under constant pressure through an 
axial bearing groove. 

Self-Excited Vibrations of an Air-Lubricated 
Thrust Bearing. L. Licht, D. D. Fuller, and B. 
Sternlicht. SLE-ASME Lubrication Conf., 
Toronto, Oct. 7-9, 1957, Paper 57-LUB-2.) 
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ASME Trans., Feb., 1958, pp. 411-414. Study of 
the stability problem of an air-lubricated thrust 
bearing to determine the causes of the undesirable 
“‘air-hammer’’ problem and to obtain the stability 
criteria as well as the parameters influencing that 
phenomenon. 


A Progress Report on Titanium-Alloy Fasten- 
ers. John Van Hamersveld. Mach. Des., Jan. 
23, 1958, pp. 123-127. Experimental investiga- 
tions to determine fatigue properties, galvanic 
action, and heat treating effects. Weight saving 
from utilization of titanium fasteners and produci 
bility of the fasteners are also discussed. 


Maintenance 


Prévision Statistique des Avaries et Calcul des 
Volants et Rechanges. -Détermination Ex- 
périmentale des Lois de Survie; Compléments 
sur le Calcul des Volants; Annexes. R. Des- 
camps. Docaéro, Jan., 1958, pp. 29-52. In 
French. Statistical forecasting of failures and 
experimental determination of lifetime laws, in- 
cluding the evaluation of important parameters, 
experiments, and use of simple theoretical expres 
sions for the representation of results. 


Materials 


Ceramics & Ceramals 


New Alumina-Type Cermets. Thomas F. 
Frangos. Materials in Des. Eng., Feb., 1958, 
pp. 112-115. Discussion of the properties, de- 
sign considerations, and machining and finishing 
techniques of three new cermets. These include 
a chromium-alumina, molybdenum-chromium- 
alumina, and tungsten-chromium-alumina types. 


Corrosion & Protective Coatings 


Protecci6n de Metales; Recubrimiento con 
Aluminio en fio Fundido. Manuel Serra. 
. Cienc. Apl., Jan.-Feb., 1958, pp. 31-42. 
In Spanish. Discussion and evaluation 
of methods for producing an aluminum protective 
coating, and description of its applications. 


I—Uniepalnianie Nitrocelonéw Lotniczych. 
Mlodecki. II—Préba Zastosowania 

worzywa Poliamidowego do Pokrywania Plécien 
Lotniczych. Stanistaw Szaniewski and Jdézef 
Krawezyk. TI—Badanie Przyczyny Powsta- 
wania Otworkéw w Nitrocelulozowych Powtokach 
Naniesionych na Piétno oraz Ustalenie Technolo- 
gii Pokry¢é Bezdziurkowych. Bolestawa Mielni- 
kowa and Stanislaw Szaniewski. IV—Poréw- 
nawcze Badania Powtok Lakierowych (na Podtozu 
ze Stop6w Aluminiowych) Uzyskanych z Produk- 
t6w Krajowych i Importowanych Zawierajacych 
zywice Syntetyczne. Bolestawa Mielnikowa and 
Janusz Lukasiewicz. V—Badanie Powtok Lakie- 
rowych na Metalu i Drewnie. Boleslawa Miel- 
nikowa and Stanislaw Szaniewski. VI—Alody- 
nowanie—Nowa Metoda Obrébki Powierzchnio- 
wej Aluminium i Jego St6épow. Karol Kérner. 
Inst. Lot. Prace, No. 3, 1957, pp. 3-68. 45 refs. 
In Polish, with summaries in English, French, 
German, and Russian. Includes: discussion of 
methods for reducing the inflammability of aero- 
nautical nitrodopes; tentative application of a 
polyamide coating for aircraft cloths; investiga- 
tion of causes of pit formation in nitrocellulose 
coatings and method for its reduction; compara- 
tive tests of varnish coatings containing synthetic 
resins for aluminum applications; testing of 
varnish coatings for various applications; and a 
new method of surface treatment for aluminum 
and its alloys. 


Metals & Alloys 


Willing and Able Exotic Metals Seek Employ- 
ment. Annesta R. Gardner. Prod. Eng., Mar. 
17, 1958, pp. 66-70. Report on some of the 
qualities of nine ‘‘rare’’ metals. Their unusual 
physical, chemical, electrical, and nuclear prop- 
erties are discussed and some disadvantages 
mentioned. 


A New Steel for Hot Airplanes and Missiles. 
M.E. Carruthers. Steel Processing & Conversion, 
Jan., 1958, pp. 19-23, 50, 51. Consideration of 
problems due to heat generated by air friction: 
includes a discussion of PH 15-7 Mo stainless steel 
and a strength-weight comparison with the lighter 
alloys. 


Tool Steels for Aircraft L. V. Klaybor. 
Steel Processing & Conversion, Jan., 1958, pp. 
16-18. Examination of the particular properties 
most pertinent to aircraft designers and manu- 
facturers of a variety of high-speed and hot work 
die steels. 


Steel-Foil Corrugated Panels for Lightweight, 
High-Strength Structures. Bruce Mitchell. 
SAE Natl. Aero. Meeting, Los Angeles, 
Oct., 1957.) Mach. Des., Feb. 20, 1958, pp. 179- 
181. Application of steel to the corrugated-skin 
construction showing a weight saving from 18 to 
60 per cent over conventional construction. 
Properties of corrugation and design considera- 
tions concerning spacing and sizes are also given. 


Fatigue Properties of Chromium-Plated Heat- 
Treated SAE 4130 Steel. M. J. Sinnott. U. 
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Mich. Eng. Res. Inst. Project M931, Sept., 1951. 
28 pp. 

Vacuum Cast Nickel Alloy vs ‘‘Best’’ Cobalt 
Alloy. J. J. Eisenhauer and John Preston. Ma- 
terials in Des. Eng., Feb., 1958, pp. 116, 117. 
Comparison showing that a nickel alloy, invest- 
ment cast in a vacuum, is superior to the arc cast 
cobalt for high temperature use. 


Viiianie Stepeni Predvaritel’noi Deformatsii na 
Zharoprochnost’ Splavov. Iu. A. Preobrazhen- 
skaia. AN SSSR Otd. Tekh. Nauk Isv., Dec., 
1957, pp. 30-37. In Russian. Investigation of 
the effect of preliminary deformation rate on the 
heat resistance of alloys. 


Issledovanie Splavov Chetvernoi Sistemy Ni- 
kel’-Khrom-Titan-Aliuminii. L. I. Priakhina and 
L. A. Riabtsev. AN SSSR Otd. Tekh. Nauk 
Tzv., Dec., 1957, pp. 38-42. 14refs. In Russian. 
Study of a quaternary alloy system of Ni-Cr-Ti- 
Al, using the methods of thermal analysis, micro- 
structure, hardness, and heat resistance of alloys 
at elevated temperatures. 


High Temperatures Spur Use of Nickel-Base 
Alloys. II. T. E. Kihlgren. Av. Age, Mar., 
1958, pp. 130-137. 


Nekotorye Napravieniia Dal’neishego Razvitiia 
Vysokotemperaturnoi Metallografii. M. G. Lo- 
zinskii. AN SSSR Otd. Tekh. Nauk I2v., Nov., 
1957, pp. 14-26. 22 refs. In Russian. Presen- 
tation and analysis of results from high-tempera- 
ture metallography investigations. 


Elevated-Temperature Combined Stress-Rup- 
ture Plus Fatigue Strength of Waspaloy Having 
Different Aging Treatments and/or 
Contents. C. A. Hoffman and M. B. Hornak. 
U.S., NACA RM E57K22a, Feb. 25, 1958. 21 
pp. Experimental investigation at 1,500°F. 
with direct tensile cyclic stresses superimposed 
upon direct tensile mean stresses. 


Powder Metallurgy in the USSR. Claus G. 
Goetzel. J. Metals, Mar., 1958, pp. 180, 181. 
Includes powder metallurgy of titanium and 
beryllium, and intermetallics and cermets. 


Metals & Alloys, Nonferrous 


Changes in Properties During the Hardening 
of a Copper Chromium Alloy. Werner Késter 
and Willy Knorr. (Z. Metallkunde, No. 6, 1954, 
pp. 350-356.) Gt. Brit., MOS TIL/T4800, Jan., 
1958. llpp. 1l5drefs. 

Investigation of the Compressive Strength and 
Creep Lifetime of 2024-T3 Aluminum-Alloy 
Plates at Elevated Temperatures. E. E. Mat- 
hauser and W. D. Deveikis. U.S., NACA Rep. 
1308, 1957. 14 pp. Supt. of Doc., Wash., 
$0.15. Presentation of strength-test results 
showing that a relation previously developed for 
predicting plate compressive strength at room 
temperature is satisfactory for determining 
elevated-temperature strength. Creep-lifetime 
curves are also presented, and the use of isochro- 
nous stress-strain curves for predicting plate- 
creep failure stresses is investigated. 

The Ageing Characteristics of Two Commercial 
Alloys Based on the Aluminium-Zinc-Magnesium 
System. J. Polmear and P. Scott-Young. Aus- 
tralia, ARL Rep. Met. 25, Oct., 1957. 35 pp. 22 
refs. 


Creep of Aluminum-Copper Alloys During Age 
Hardening. Appendix A—Determination of an 
Effective Initial Gage Length for Calculating 
Strains in Tensile Test. E. E. Underwood, L. 
L. Marsh, and G. K. Manning. U.S., NACA 
TN 4036, Feb., 1958. 73 pp. 40 refs. 


Copper and Copper Alloys; A Survey of Tech- 
nical Progress During 1957. E. Voce. Metal- 
lurgia, Jan., 1958, pp. 3-15. 309 refs. 


Sviaz’ Mezhdu Strukturoi Magnievogo Splava i 
ego Naklonnost’iu k Korrozii pod Napriazheniem. 
M. A. Timonova. AN SSSR Dokl., Dec. 11, 
1957, pp. 848-851. In Russian. Determination 
of the relationship between the structure of some 
magnesium alloys and their liability to corrosion 
under stress. 


Development of a Corrosion Resistant Magne- 
sium Alloy. I—Development of Magnesium 
Alloys for Better Corrosion Resistance. M. 
Balicki, C. D’Antonio, and A. Kravic. USAF 
WADC TR 57-241, Pt. I [AD 131018], Aug., 
1957. 31 pp. 14 refs. Presentation of a 
scheme relying upon alloying magnesium with 
elements which, owing to their lower surface ten- 
sion, are expected to concentrate on the surface 
and thus alter the corrosion behavior. 


Partition of Soluble Carbon in Ti-6Al-4V Alloy. 
Appendix—Improvement of the Successive Ap- 
proximation ethod for Determining Lattice 
Constants of Non-Cubic Structures. Richard D. 
Seibel, Richard L. Beck, and Leonard E. Olds. 
USAF WADC TR 57-269 [AD 142137], Nov., 
1957. 68pp. 18 refs. 


Development of Titanium-Base Alloys for 
Elevated Temperature Application. Frank A. 
Crossley, William F. Carew, and David W. Levin- 
son. USAF WADC TR 54-278, Pt. IV [AD 
142147), Nov., 1957. 58 pp. 


El Titanio y sus Aleaciones. I, II, III. Jose 
Antonio Garcia Poggio. (2nd European Aero. 
Cong. Proc., Scheveningen, Sept., 1956.) Ing. 
Aero., July-Aug.; Sept.-Oct., 1957, pp. 17-30; 
35-49. In Spanish. Survey of titanium and 


by 
Roy E. Marquardt, 
President 


In all of the complex of modern 
weaponry no area affords more chal- 
lenge than the field of supersonic and 
hypersonic propulsion. Here, where 
the stringent requirements for engine 
weight, size and thrust are creating 
problems of critical consequence, 
Marquardt engineers and scientists 
are making continuous progress. 

The supersonic ramjets now being 
produced at our new Ogden, Utah, 
manufacturing facility provide the 
flight power for the Boeing Bomare 
interceptor missile. Under John Win- 
ter, our chief engineer in power- 
plants, Marquardt engineers spent 
many thousand engineering man- 
hours, to make this engine the fastest 
and most efficient air breathing 
engine in our defense arsenal. 

Two Marquardt ramjet engines 
sustain the flight of the Bomarce after 
it is launched vertically into the air. 
The ramjets provide a range that 
allows the weapon to destroy enemy 
bombers at a far greater distance 
than any other missile presently in 
use in air defense. 

The Bomare application is only one 
of the many propulsion projects now 
underway at Marquardt. Currently 
under development are several ad- 
vanced supersonic ramjet engines for 
application on future weapon systems. 

Other activities are advancing 
man’s knowledge of hypersonic pro- 
pulsion, special high energy fuels, and 
Aircraft Nuclear Propulsion. 

Engineers and scientists with a 
vision for the future are invited 
to investigate the opportunities at 
Marquardt. Address your inquiries to 
Jim Dale, Professional Personnel, 
16553 Saticoy Street, Van Nuys, 
California. 


OGDEN, UTAH 
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To Powerplant Engineers Facing an ENGIN 


Marquardt Means Opportunity —The 
critical requirements for powerplants of small size 
and high power density are offering new challenge for 
engineers and scientists at Marquardt, the company 
where an engineer barrier has never existed. Here in 
an engineering environment, you will work with a 
management that recognizes and rewards the contri- 
butions of engineers. Look to your future by looking 
to Marquardt, today. Address inquiries to Jim Dale, 
Professional Personnel, 

16553 Saticoy Street, 

Van Nuys, California. 


VAN NUYS, CALIFORNIA OGDEN, UTAH 


Shown here: John Winter, Chief Engineer Powerplants Sub-Division 


ENGINEER|BARRIER-an achievement level beyond which you can 
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| TAKES YOUR EYE TO 
\ CCESSIBLE” INTERIORS 


The National Fontar® 
Borescope provides sharp, 
critical close-up vision aid- 
ed by bright lighting in any 
bore, threaded hole, re- 
cess or interior surface of 
the cast, drawn, welded or 
molded product. All that 
is needed is a point of 
entry .10” or larger.... 
It's today’s essential for 
high Quality Control 
standards. Our new and 
free catalog illustrates 
\ and describes applica- 
\ tions, 
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ASK FOR ‘BORESCOPE CATALOG G’ 


CANGCELHARD INOUSTRIES. 


NATIONAL ELECTRIC INSTRUMENT DIVISION 
-92—21 Corona Avenue * Elmhurst 73, New York 


Two Short Intensive Courses 


STRAIN GAGE 
TECHNIQUES 


will be given at the 


DEPARTMENT OF ENGINEERING 
UNIVERSITY OF CALIFORNIA 
AT LOS ANGELES 


Under the Joint Sponsorship of 
Engineering Extension, Department of 
Engineering 
University of California at Los Angeles 


and 
Society for Experimental Stress Analysis 


Lecture Course 


AUGUST 18-22, 1958 


(Monday through Friday) 


Laboratory Course 


AUGUST 25-29, 1958 


(Monday through Friday) 


For further information write to 


Engineering Extension 
Engineering Department 
University of California 

Los Angeles 24, California 


or 
Society for Experimental Stress Analysis 
P. O. Box 168 
Cambridge 39, Massachusetts 
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titanium-alloy properties and of their importance 
in aeronautical application. 


Nonmetallic Materials 


Development of Inorganic Polymer Systems. 
Appendix I—Determination of Silicon and Alu- 
minum. Carlin F. Gibbs, Harold Tucker, George 
Shkapenko, and John C. Park. USAF WADC 
TR 55-453, Pt. II [AD 131036], Sept., 1957. 59 
pp. 26 refs. 

Polymerization Studies on Monomers and 
Evaluation of Derivative Polymers. Faber 
Jones, Cherie A. Lichtenwalter, Palmer B. Stick- 
ney, and Randall G. Heiligmann. USAF WADC 
TR 57-110 [AD 142050), Oct., 1957. 151 pp. 
25 refs. Study to determine the polymerization 
characteristics of a group of fluorine-containing 
monomers, and evaluation of the resulting poly- 
meric products as high-temperature and solvent- 
resistant rubbers and plastics. 

The Effect of Loading Rate on Adhesive 
Strength. Frank Moser and Sandra S. Knoell. 
ASTM Bul., Jan., 1958, pp. 60-63. Test results 
which show that with high-elastic-modulus ad- 
hesives more difference in strength is obtained 
from the increased rate of loading, while with a 
low-modulus adhesive only a small increase in 
strength is obtained for the higher loading rates. 

The Shrinkage and Extensibility of Heated 
Yarns. II. J. E. Swallow. Gt. Brit., RAE TN 
Chem, 1319, Oct., 1957. 23 pp. Description of 
the effects of heat on the creep and recovery of 
nylon, Terylene and Fortisan yarns at various 
stress levels. The residual deformation after 
cycles of heat and stress is discussed with special 
reference to heat-setting. 

Heat-Blast Erosion Effects on Reinforced 
Plastic Laminates. N. B. Miller and E. L. 
Strauss. SPE J., Feb., 1958, pp. 37-40, 69. 
Test results using a jet engine with an afterburner 
to determine the properties of laminates in a high- 
temperature, high-velocity air stream. It is 
concluded that phenolic laminates can be used 
for brief durations of time at high temperature, 
such as the conditions encountered by missiles in 
flight. 

Investigation of Shock Waves Developed Dur- 
ing Dynamic Tests of Cushioning aterials. 
Appendix I—Evaluation of Peak Acceleration 
When Shock Wave Effects Occur on Accelera- 
tion-Time Pulses. Vern N. Smiley. USAF 
WADC TR 56-547 {AD 131019], Aug., 1957. 22 
pp. Proof of the theory stating that irregulari- 
ties of acceleration-time pulses recorded during 
dynamic compression tests of package cushioning 
materials are caused by shock-wave oscillations 
in the material. 


K Rasprostraneniiu Voln v Rezine. N. Kris- 
tesku. Prikl. Mat. i Mekh., Nov.-Dec., 1957, 


pp. 795-800. In Russian. Study of the prob- 
lem of wave propagation in rubber. 

The Branching Reaction in Polymerization of 
Styrene and ethyl Methacrylate. Maurice 
Morton, Irja Piirma, and J. A. Cala. USAF 
WADC TR 56-619 [AD 118221), Apr., 1957. 54 
pp. 20 refs. 

Les Matiéres Plastiques dans 1’Equipement 
Electrique Aéronautique. G. Fabre. Docaéro, 
Jan., 1958, pp. 53-70. In French. Study of the 
application of plastics in aeronautical electric 
equipment, with an evaluation of their properties. 

Expansion Characteristics of Marlex 20 and 
Marlex 50. Hyman Marcus and Frank V. Za- 
leski. USAF WADC TR 57-92 [AD 130920}, 
July, 1957. 21 pp. Development of a suitable 
technique for volume dilatometry of plastic ma- 
terials. The thermal behavior of two commercial 
linear polyethylene plastics is also observed. 


Testing Methods 


Measurement of Elasticity and Anelasticity of 
Small Disks by an Inductor Method. G. Brad- 
field and F. A. Levi. Brit. J. Appl. Phys., Jan., 
1958, pp. 13-16. Description of an instrument 
operating on the inductor principle to set a disk 
into radial vibration so that one of its elastic con- 
stants can be determined from its resonance fre- 
quencies. 

Novyi Pribor dlia Izmereniia Modulia Uprugo- 
sti Listovykh Materialov. S. O. Tsobkallo, G. N. 


Slavskii, and N. A. Chetyrkina. Jzmer. Tekh., 
Jan.-Feb., 1958, pp. 24-27. In Russian. De- 


scription of a new device for measuring the elas- 
ticity modulus of sheet materials. 


The Identification of Polyester Resins by In- 


frared Spectrophotometry. P. Schneebeli and 
F. Lalau-Keraly. (La Recherche Aéronautique, 


Feb., 1957, pp. 41-46.) Gt. Brit., RAE Lib. 
Transl. 702, Nov., 1957. 10 pp. 12 refs. 
Mathematics 


A-— Angewandte Mathematik. (GAMM, Wis- 
senschaftliche Tagung, Hamburg, Apr. 23-27, 
1957.) ZAMM, July-Aug., 1957, pp. 243-265. 
23 refs. In German. Partial Contents: Uber 
Sehwarzsche Algorithmen in partiellen Differen- 
tialgleichungen der mathematischen Physik, Ivo 
Babuska. Asymptotische Entwicklung von Par- 
ameterintegralen, Lothar Berg. Funktionala- 
nalytische Fassung der Iterationsverfahren bei 
Eigenwertproblemen, W. Diick. Uber einige 


Anwendungen von Hypermatrizen, deren Blécke 


vertauschbar sind, E. Egervary. Ein abstrakte: 
Satz zur Konvergenzerzeugung und Konvergenz 
verbesserung fiir Iterationsverfahren bei nicht 
linearen Gleichungen, Hans Ehrmann. Uber 
Formeln fiir die zeitlichen Momente quadrati 
scher Regelungsflachen, W. Everling. Uber die 
Tabulierung eines den Hankelschen Funktionen 
verwandten Integrals, Guntram v. Gorup 
Praktische Auswertung von Ausnahmefallen 
beim Graeffeschen Verfahren, A. Hirschleber 
Ausgleichsrechnung und Hypercircle, P. Lauchli. 
Nomographische Darstellung von Funktionen 
systemen und ihre Anwendung, F. Reutter 
Uber Lésungen des dritten Randwertproblems der 
Potentialtheorie fiir das Aussengebiet des Kreises 
mittels einer komplexen Differentialgleichung, E. 
Schincke. Vergleich von _Iterationsverfahren, 
Johann Schréder. Untersuchung der Genauig- 
keit einer Reihe von Verfahren zur Bestimmung 
von charakteristischen Zahlen und der Eigenvek- 
toren einer Matrix, J. Uhlig. Symposium of 
papers covering: Schwarz’s algorithm in dif- 
ferential equations of mathematical physics; 
asymptotic expansion of parameter integrals; 
development of the iteration method by means of 
functional analysis; some applications of hyper- 
matrices with interchangeable blocks; formulas 
for the temporal moments of quadratic area rules; 
tabulation of an integral related to Hankel func- 
tions; nomographic representation of functional 
systems and their application; solutions of the 
third boundary-value problem of the potential 
theory for the outer boundary of the circle by 
means of a complex differential equation; com- 
parison of iterative methods; and investigation 
of the accuracy of a set of methods for the deter- 
mination of characteristic numbers and of the 
eigenvectors of a matrix. 

O Nekotorykh Prilozheniiakh Odnoi Teoremy 

. Rissa. Khaimovich. AN SSSR _ Dokl., 
Dec. 11, 1957, pp. 763, 764. In Russian. Anal- 
ysis of some applications of the Riesz theorem 
to cover certain functional equations. 

On the Extensions Within the Theory of Cesaro 
Summability of a Classical Convergence Theorem 
of Dedekind. A. F. Andersen. Lond. Math. 
Soc. Proc., Jan., 1958, pp. 1-52. 20 refs. 


Uber die Eindeutigkeit von einigen kombina- 
torischen Invarianten endliches Komplexes. 
Lee Ke-Chun. Sci. Record, Oct., 1957, pp. 3-5. 
In German. Discussion of the uniqueness of 
some combinatorial finite-complex invariants. 


An Analytic Invariant and Its Characteristic 
Properties. K. Look. Sci. Record, Oct., 
1957, pp. 31-34. 


Approximate Solutions for a Class of Integral 
Equations. Richard Latter. Quart. Appl. 
Math., Apr., 1958, pp. 21-31. 


The Generalized Pontrjagin Cohomology Oper- 
ations and Rings with Divided Powers. Emery 
Thomas. Am. Math. Soc. Mem. No. 27, 1957. 
82 pp. 22 refs. 

Distributively Generated Near-Rings. I— 
Ideal Theory. IIl—Representation Theory. A. 
Frohlich. Lond. Math. Soc. Proc., Jan., 1958, pp. 
76-108. 18 refs. 


Some Cases of Optimality of the (s, S) Policy in 
Inventory Theory. A. Dvoretzky. Columbia 
J., Rep. (AFOSR TN 58-9) [AD 148048], Sept., 
1957. 5 pp. Development of loss functions for 
which there exist optimal two level ordering poli- 
cies (s, S) in one-stage inventory problems with 
an arbitrarily specified distribution of demand. 


O Nelineinykh Kolebaniiakh s Odnoi Stepen’iu 
Svobody Sistemy s Medlenno Izmeniaiush- 
chimisia Parametrami. V. M. Volosov. AN 
SSSR Dokl., Dec. 21, 1957, pp. 927-930. In 
Russian. Study of the nonlinear one-degree-of- 
freedom oscillations of a system with slowly vary- 
ing parameters. 


How to Construct Network Diagrams—Graphi- 
cal Devices That Speed Repetitive Calculations. 
will | cade Mach. Des., Feb. 20, 1958, pp. 
162-170. 


Otsenka Chisla Signalov v Kodakh s Korrektsiei 
Oshibok. R.R. Varshamov. AN SSSR Dokl., 
Dec. 11, 1957, pp. 739-741. In Russian. Eval- 
uation of signals in codes with correction of errors. 


On a Boundary Value Problem for the Wave 
Equation. Tong Kwang-Chang. Sci. Record, 
Oct., 1957, pp. 1, 2. Presentation of an example 
showing that the solution for the boundary value 
of a domain D is not unique, and, hence, Protter’s 
proof is incorrect. 


On Linear Associative Algebras Correspondi 
to Association Schemes of Partially Balance 
Designs. R. C. Bose and D. M. Mesner. N. 
C. U. Inst. Statistics, MS 188 (AFOSR TN 58-78) 
[A D 148126], Jan., 1958. 29 pp. 18 refs. 


The Fatou Theorem for Functions Harmonic in 


a Half-Space. ; . Gehring. Lond. Math. 
Soc. Proc., Jan., 1958, pp. 149-160. 15 refs. 
The Goursat Problems in Space. Wang 


Guang-Ying. Sci. Record, Oct., 1957, pp. 7-10, 


Tenzor Krivizny i Nekotorye Tipy Prostranstv 
Simmetrichnoi Pochti Simplekticheskoi Sviazno- 
sti. V.G. Lemlein. AN SSSR Dokl., Dec. 11, 
1957, pp. 755-758. In Russian. Determination 


of the curvature tensor and of certain types of 
spaces with a symmetric or nearly symplectic 
connectivity. 
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VITON “A” 


All packings illustrated are available with new 
Viton “A” rubber compound, for highest tem- 
perature resistance and maximum resistance to 
gircraft and hydraulic fuels and lubricants. 


SHELL 

ADAPTER 
SEPARATOR 

SPRING 

FLAT PACKING RING 
SEAL RING 


Extra Pleribdlity For 
ONE SEAL ENVELOPE 
WITH CHOICE OF 

FIVE SEAL PACKINGS =, 


Use of this one standard Gits HH-type seal envelope — 
with your choice of the five seal packing arrangements 
illustrated at left — permits effective sealing (in the same 
seal cavity) over the widest possible range of operating 
conditions. And all these Gits Shaft Seals meet standard 
minimum space requirements of the aircraft and missile 
industry. 


- Standard metal parts are stainless steel, except when | 
the Gits Engineering Department recommends other 
materials to suit 


engineering, research, development and testing, as | 
well as the most modern manufacturing equipment. | 
he Gits Engineering Department, with almost half a 
century of experience, has the know-how to blend 
‘proper materials with outstanding design, to make 
seals work better for you. Send for full information. 


BROs.MFG. 


850C South Kilbourn Avenue * Chicago 23, Illinois — 


— NEW! cits engineering advancement practically 
liminates hysteresis or drag. Write for full details. 
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MARS outstanding design SERIES 


Getting over, rather than around, traffic jams is 
easy, with this flying motorcycle, says its designer Dr. 
Manfred Mannheimer, of Newark, N. J. Encounter- 
ing heavy traffic, it quits the ground. An auxiliary 
motor rapidly rotates four cylindrical “wings.” By the 
action of the “Magnus effect” these lift the vehicle 
into the air at 15 mph with 70 hp. The aerodynamic 
principle involved was discovered by Gustav Magnus 
in 1858. The cycle’s tail-end has a rudder and elevator 
fin for steering during flight; the rotary wings are 
telescoped for surface travel. 

Whether or not this design will be the answer 
to traffic congestion, it certainly is an ingenious solu- 
tion. Aloft or aground, all engineering solutions must 
originate on the drafting board. And only professionals 
know how the best in drafting tools smooths the way 
from dream to practical project. 

In pencils, of course, that means Mars, long the 
standard of professionals. Some outstanding new prod- 
ucts have recently been added to the famous line of 
Mars-Technico push-button holders and leads, Lumo- 
graph pencils, and Tradition-Aquarell painting pencils. 
These include the Mars Pocket-Technico for field use; 
the efficient Mars lead sharpener and “Draftsman” 
pencil sharpener with the adjustable point-length fea- 
ture; Mars Lumochrom, the color-drafting pencils and 
leads that make color-coding possible; the new Mars 
Non-Print pencils and leads that “drop out” your 
notes and sketches when drawings are reproduced. 


The 2886 Mars-Lumograph drawing pencil, 19 de- 
grees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom color-drafting pencil, 24 colors. 


INC. 


HACKENSACK, NEW JERSEY 


94  Aero/Space Engineering + June 1958 


flight without wings 


2886 € J.S.STAEDTLER [40 MARS -LUMOG 


HH Germany 


at all good engineering and drawing material suppliers 


Absoliutnaia «-Entropiia Metricheskikh Pro- 
Stranstv. A. G. Vitushkin. AN SSSR _ Doki., 
Dec. 11, 1957, pp. 745-747. In Russian. Ex- 
tension of Kolmogorof’s definitions of the e-en- 
tropy of metric spaces and evaluation of the e- 
entropy for certain classes of functions. 


Primer Odnomernogo Normal’nogo Prostran- 
stva, ne Soderzhashchegosia ni v Kakom Odno- 
mernom Bikompakte. Iu. Smirnov. AN SSSR 
Dokl., Dec. 21, 1957, pp. 939-942. In Russian. 
Discussion of the case of a one-dimensional normal 
space not contained in any one-dimensional bi- 
compact. 


A Survey of the Use of Non- Resiiioan Geom- 
etry in lectrical Engineering. pendsx— 
Historical Note on the Evolution of Non aor i 
Geometry. E. F. Bolinder. Franklin Inst. J 
Mar., 1958, pp. 169-186. 48 refs. USAF- 
Army-Navy-supported discussion of various two- 
and three-dimensional non-Euclidean geometry 
models of the elliptic and hy perbolic types. A 
geometric and analytic study of the interconnec- 
tions of the two models is made. Some applica- 
tions in electrical engineering are discussed. 


O Primenimosti Teorii Fredgol’ma k Nekoto- 
rym Lineinym Topologicheskim 
K. M. Fishman and Iu. N. Valitskii. AN SSSR 
Dokl., Dec. 21, 1957, pp. 943-946. In Bombe, 
Evaluation of the applicability of the Fredholm 
theory to certain linear topological spaces. 

Linear Groups Over a Commutative Integral 
Domain. Yien Sze-Chien. Sci. Record, Oct., 
1957, pp. 21-24. 

Gomologii Prostranstv Zamknutykh Krivykh. 
A. S. Shvarts. AN SSSR Dokl., Dec. 11, 1957, 
pp. 769-772. In Russian. Study of the homol. 
ogy of closed-curve spaces. 


O Funktsional’no-Zamknutykh Prostranstvakh. 
A. A. Kubenskii. AN SSSR Dokl., Dee. 11, 
1957, pp. 748-750. In Russian. Analysis of 
functional closed spaces. 


Un Théoréme Général sur les Fonctions Holo- 
morphes dans le Cercle Unité et ses Applica- 
tions. I. Chi-Tai Chuang. Scientia Sinica, 
Aug., 1957, pp. 569-621. In French. Establish- 
ment of a general theorem on holomorphic func- 
tions in the unity circle and discussion of their 
applications. 


Ob Uslovnoi Ustoichivosti Sedlovykh Sistem 
Obyknovennykh Differentsial’nykh Uravnenii v 
Kriticheskom Sluchae. Chzhao Shi-Guan. Sci. 
Record, Oct., 1957, pp. 25-29. 16refs. In Rus- 
sian. Discussion of the conditional stability of a 
certain type of simple differential equations in a 
critical case. 


On the Equivalence Problem of Differential 
Equations and Difference-Differential Equations 
in the Theory of Siability. Chin Yuan-Shun. 
Sci. Record, Oct., 1957, pp. 11-13. 


High Order Accuracy in the Solution of Partial 
Differential Equations by Resistor Networks. 
H. G. Landau. (ASME Fall Meeting, Hartford, 
Sept. 23-25, 1957, Paper 57—F-1.) J. Appl. 
Mech., Mar., 1958, pp. 17-20. Presentation of a 
method in which the equation is first solved ap- 
proximately on the resistor network; then the re- 
siduals in the corresponding finite-difference 
equation are evaluated numerically. 


O Neanaliticheskikh Resheniiakh Zadachi 
Gursa dlia Sistemy Differentsial’nykh Uravneniis 
Dvumia Nezavisimymi Peremennymi. 
Mikhailov. AN SSSR Dokl., Dec. 11, 1957, pp. 
759-762. In Russian. Derivation of nonanalytical 
solutions to the Goursat problem for a system of 
pga equations in two independent vari- 
ables, 


Asimptotika Resheniia Differentsial’nogo Urav- 
neniia v Chastnykh Proizvodnykh Vtorogo Poriad- 
ka Parabolicheskogo Tipa s Malym Parametrom 
pri Starshei Proizvodnoi. E. K. Isakova. N 
SSSR Dokl., Dec. 21, 1957, pp. 935-938. In 
Russian. Investigation of the asymptotic be- 
havior of the solution for the second-order para- 
bolic partial differential equation with a small 
parameter in the highest derivative term. 


On Singular Cauchy Problems of Hyperbolic 
Partial Differential Equations. Tong Kwang- 
Chang. Sci. Record, Oct., 1957, pp. 43-46. 


Cauchy Problem and Singular Cauchy Problem 
for Systems of Linear Partial Differential Equa- 
tions. Wang Guang-Ying. Sci. Record, Oct., 
1957, pp. 47-52. 


Granichnye Funktsii, Imeiushchikh 
Integral Dirikhle s Vesom. A. A. Vasharin. 
AN SSSR Dok, Dec. 11, 1957, pp. 742-744. 
In Russian. Calculation of the boundary prop- 
erties of functions having a finite Dirichlet inte- 
gral with a weight. 


Exact Distributions of the Maximal Values of 
Some Functions of Empirical Distribution Func- 
tions. L. C. Chang and M. Fisz. Sct. Record, 
Oct., 1957, pp. 65-70. 


O Sushchestvovanii Sobstvennykh Funktsii 
dlia Uravneniia Shredingera. G. M. Zhislin. 
AN SSSR Dokl., Dec. 21, 1957, pp. 931-934. 
In Russian. Analysis of the existence of char- 
acteristic functions for the Schrédinger equation. 


Neravenstva dlia Proizvodnykh, Analogichnye 
Neravenstvu S. N. Bernshteina. N. I. Akhiezer 
and B. Ia. Levin. AN SSSR Dokl., Dec. 11, 
1957, pp. 735-738. In Russian. Analysis of 
certain classes of analytical functions, and exact 
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determination of inequalities for derivatives an- 
alogous to Bernstein's inequality. 


Opredelenie Naimen’shego Radiusa Odnolist- 
nosti dlia Odnogo Klassa Funk- 
tsii. G. V. Kuz’mina. AN SSSR Dokl., Dec. 
11, 1957, pp. 751-754. In Russian. Determina- 
tion of the least radius of schlichtness for a cer- 
tain class of analy tical functions. 


Asymptotically Independent Linear Functions. 
of mpirical Distribution Functions. L. C. 
Chang and M. Fisz. Sci. Record, Oct., 1957, pp. 
59-64. 


Some Theorems on Odd and Even Functions. 
T. M. Flett. Lond. Math. Soc. Proc., Jan., 1958, 
pp. 135-148. 11 refs. 


The Condition of Certain Matrices. II. John 
Todd. J. Res., Jan., 1958, pp. 1-7. 16 refs. 
Estimation of the condition-numbers of matrices 
associated with various discretizations of the two- 
dimensional Laplacean operator. These num- 
bers give an estimate of the error obtained by solv- 
ing the corresponding systems of simultaneous 
differential equations. 


Procedure in Multivariate 
3. _C. U. Inst. Statistics, MS 187 (AFO- 
SR T -33) [AD 148072}, Dec., 1957. 18 pp. 
Application of the step-down procedure of Roy 
and Bargmann to problems in multivariate 
analysis of variance, and comparison of variance- 
covariance matrices in order to derive new tests of 
significance and simultaneous confidence-bounds 
on a number of ‘‘deviation-parameters.”’ 


Mechanics 


B—Mechanik. (GAMM, Wissenschaftliche 
Tagung, Hamburg, Apr. 23-27, 1957.) ZAMM, 
July-Aug., 1957, pp. 266-294. 32 refs. In Ger- 
man and English. Partial Contents: Eine mas- 
sengeometrische Deutung der Invarianten des 
ebenen Laplaceschen Feldes, A. Basch. Das Span- 
nungsproblem fiir dicke offene Schalen, Miloslav 
Hampl and Jaroslav Valenta. Uber die Berech- 
nung von Biegemomenten in einem rechtwink- 
ligen Tragerrost, J. M. Klitchieff. Eine Verall- 
gemeinerung der Methode der harmonischen 
Linearisierung, K. Magnus. Elasto-plastische 
Biegung von nicht-homogenen orthotropen Kreis- 
platten, W. Olszak and J. Murzewski. Uber die 
Eigenschaften der Frequenzgleichungen eines 
schwingenden Systems, Danilo Ra&skovié. Be- 
schrankte erzwungene Bewegungen mit Selbst- 
steuerung, Rolf Reissig. Ebene Warmeleitprob- 
leme mit variablem Ubergangskoeffizient, F. 
Selig. Beitrag zur anisotropen gelochten Scheibe, 
Gerhard Sonntag. On the Dynamics of a Rigid 
Body in Riemannian Spaces, Rastko Stojano- 
witch. Bemerkung zur Form der Bewegungs- 
gleichung eines mechanischen Empfangers, Wolf- 
gang Ullmann. Auswanderungserscheinungen 
eines Horizontalpendels mit Schraubenfederriick- 
stellung, F. Weidenhammer. Die Schubverzer- 
rung in Schalen, E. Weinel. Einfluss kleiner 
Anderungen der Randbedingungen auf die Grund- 
torsionseigenfrequenz eines einseitig eingespann- 
ten Stabes veranderlichen Querschnittes, H. Witt- 
meyer. Symposium of papers covering: a 
mass-geometric interpretation of the invariants 
of the plane Laplace field; the problem of stress 
in thick open shells; generalization of the method 
of harmonic linearization; elasto-plastic torsion 
of nonhomogeneous orthotropic circular plates; 
characteristics of frequency equations of an os- 
cillating system; plane heat-transfer problems 
with variable transfer coefficients; dynamics of a 
rigid body in Riemannian spaces; shear displace- 
ment in shells; and influence of a small variation 
of the boundary conditions on the basic-torsion 
natural frequency of a rod of variable cross sec- 
tion, clamped on one edge. 


Zametki po Analiticheskoi Mekhanike. A. I. 
Lur’e. Prikl. Mat. i Mekh., Nov.-Dec., 1957, pp. 
759-768. In Russian. Analysis summarizing 
various problems of analytical mechanics in- 
sufficiently covered in the current literature. 


Ustoichivost’ Vrashcheniia Tverdogo Tela s El- 
lipsoidal’noi Polost’iu, Napolnennoi Zhidkost’iu. 
V. V. Rumiantsev. Prikl. Mat. i Mekh., Nov.- 
Dec., 1957, pp. 740-748. In ab sr Investi- 
gation of the stability of the undisturbed motion 
& a solid body having an ellipsoid cavity com- 
pletely filled with liquid. 


Nekotorye Vopr Tverdogo Tela v 
N’iutonovskom Pole Si V. V. Beletskii. Prikl. 
Mat. i Mekh., Nov. a. 1957, pp. 749-758. In 
Russian. Study of the problem covering the 
motion of a solid body around a fixed point in the 
field of Newtonian forces. The calculation in- 
cludes the equations of motion and their first inte- 
grals, reduction of the problem and integration in 
the case of plane motion, and stability of the 
Stationary rotation of a body fixed at the center 
of masses. 


Impulsive and Indicial Admittances of Simple 
Dynamical Chains. W. J. Duncan. Aero. 
Quart., Feb., 1958, pp. 1-16. Presentation of 
explicit expressions for some simple dynamic 
chains, and an outline of the procedure for the 
calculation of chains with more degrees of free- 

om. 


Ob Ustoichivosti pri Postoianno Deistvuiu- 
shchikh Vozmushcheniiakh. V. E. Germaidze and 
N.N. Krasovskii. Prikl. Mat. i Mekh., Nov.-Dec. 
1957, pp. 769-774. 11 refs. In Russian, In- 


vestigation of the stability of motion in the case of 
continuously acting disturbances. 

Printsip Naimen’shego v Teorii 
Udara. I. I. Metelitsyn. AN SSSR Otd. Tekh. 
Nauk Iszv., Nov., 1957, pp. 105-115. 10 refs. 
In Russian. Evaluation of the principle of least 
strain in the shock theory. 


The Range < Application of the Lagrange 
Formalism. I. Havas. (Am. Phys. Soc. 
Meeting, Wash., pe Il Nuovo Cimento, vol. 
5, Suppl., 1957. Reprint. (AFOSR TN 56-314) 
[AD 94850). 26 pp. 17 refs. Presentation of 
methods for extending the application range of 
Lagrange formalism, and discussion of Helmholtz 
conditions and integrating factors for a single 
equation, as well as for an irreducible set of equa- 
tions. 


Meteorology 


An Analysis of the Time and Space Scale Prob- 
lems in Radio Meteorology. Arthur Engelman 
and Lawrence Colin. USAF RADC TN 57-394 
[AD 131392], Dec., 1957. 25 pp. Analysis of 
the space scale shows that the magnitude of the 
surface contribution to the microwave elevation 
angle error makes the application of the total error 
of one station to another prohibitive. The total 
microwave error may be applied if the time inter- 
val is less than three hours. After this period, 
little can be gained from an ascent taken before a 
24-hour period. 

La Prevision Numérica. J. M. J. Guardiola. 
Rev. Aero., Feb., 1958, pp. 99-107. In Spanish. 
Discussion of methods of numerical forecasting. 


Koeffitsient Turbulentnosti v Sloe Treniia. 
Chzhao Bo-Lin. Scientia Sinica, Aug., 1957, pp. 
709-731. 10 refs. In Russian. Theoretical 
determination of the turbulent coefficient in the 
friction layer of the atmosphere by means of 
wind-motion equations. 

Equations Governing the Energetics of the 
Larger Scales of Atmospheric Turbulence in the 
Domain of Wave Number. Barry Saltzman. J. 
Meteorology, Dec., 1957, pp. 513-523. 40 refs. 
USAF-supported derivation of equations for the 
rate of change of the kinetic and available poten- 
tial energy of a disturbance assuming a given 
wave number. 

The Structure of the Jet Stream Core. R. M. 
Endlich and G. S. McLean. J. Meteorology, 
Dec., 1957, pp. 543-552. 23 refs. Construction 
of an empirical model, based on observations ob- 
tained during some fifty flights, to illustrate the 
average wind and temperature fields in the vicin- 
ity of the jet stream core and to determine the 
tructure of the “‘jet stream front.”’ 

Cloud Distributions in the Vicinity of Jet 
Streams. George S. McLean. AMS Bul., Dec., 
1957, pp. 579-583. Application of cloud observa- 
tions made by crew members to determine the fre- 
quency of various types of clouds in the vicinity 
of jet streams. 

The Evaluation of Winds at 200 Millibars from 
Contour Charts. R. F. Zobel. Meteorological 
Mag., Feb., 1958, pp. 44-49. 

The 1956 Tornado Research Airplane Project 
Data. Robert G. Beebe. AMS Bul., Dec., 
1957, pp. 575-578. Discussion of project objec- 
tives, and a summary of flight areas, dates, times, 
and levels. 

Summary of Locations, Extents, and Intensities 
of Turbulent Areas Encountered During Flight 
Investigations of the Jet Stream from January 7, 
1957 to April 28, 1957. Martin R. Copp. U.S., 
NACA RM L57L12, Mar. 3, 1958. 8 pp. 


Large Scintillator for Observation of Cosmic 
Rays. John R. Green. Rev. Sci. Instr., Jan., 
1958, pp. 10-14. OSR-supported description of 
the device, using a scintillating liquid in the form 
of a disk 10 ft. in diameter and 6 in. deep, viewed 
by a single 14 in. Dumont type K 1328 photo- 
multiplier tube. 


NRL’s 50-Foot Radio Telescope. J. E. Sees. 
Res. Rev., Mar., 1958, pp. 1-7. Description of 
the Naval Research Laboratory’s radio telescope 
and presentation of some results. 


The Dwingeloo Radio-Astronomical Observa- 
tory. B.G. pg R. J. Schor, and B. B. 
Schierbeek. (De Ing., No. 3, 1957.) Gt. Brit., 
MOS TIL/T4826, Jan., 1958. 21 pp. 


Controls are Vital to the Biggest Instrument 
Ever Built. JSA J., Mar., 1958, pp. 3 
Description of the 2,000-ton’ Jodrell Bank Radio 
Telescope built to permit farther and more precise 
space exploration. 


An Interferometer for Radio Astronomy with a 
Single-Lobed Radiation Pattern. A. E. Coving- 
ton and N. W. Broten. JRE Trans., AP Ser., 
July, 1957, pp. 247-255. 15 refs. 


Listening in to Outer Space. Hawker Siddeley 
Rev., Dec., 1957, pp. 101-103. Description of the 
radio telescope at the Jodrell Bank experimental 
station. 


Meteor Radiant Determination from High 
Echo-Rate Observations. .S. L. Keay. Aus- 
tralian J. Phys., Dec., 1957, pp. 471-482. Pres- 
entation of a simplified analysis of the Clegg 
method for delineating meteor radiants from radar 
observations. 


A Preliminary Study of Night Cooling Under 
Clear Skies at Wittering. K. Pollard. Meteoro- 


logical Mag., Jan., 1958, pp. 12-16. Description 
of an attempt to forecast the cooling curve for a 
radiation night by estimating the night minimum 
temperature and adjusting the appropriate ‘‘typi- 
cal’ cooling curve. 


Numerical Methods in Weather Prediction. 
I—The Balance Equation. Frederick G. Shu- 
man. Mo. Weather Rev., Oct., 1957, pp. 329- 
332. Description of two methods of solution used 
successfully on a daily operational basis at the 
Joint Numerical Weather Prediction Unit for a 
period of more than a year. Solutions are ob- 
tained on an operational grid of 30 by 34 points 
spaced at 381-km. intervals. 


Numerical Methods in Weather Prediction. 
II—Smoothing and Filtering. Frederick 
Shuman. Mo. Weather Rev., Nov., 1957, pp. 
357-361. Development of a method for the de- 
sign of finite-difference smoothing and filtering 
operators which meet predetermined specifica- 
tions and are applicable to automatic computing 
machinery. 


Synoptic Study of Thermal re Over the 
Atlantic and the British Isles. M. K. Miles. 
Meteorological Mag., Jan., 1958, pp. 1-12. Study 
which classifies thermal troughs into four main 
types based on surface isobaric structure, ampli- 
tude, and wave length. 


An Experiment in Automatic Data gp 3 
H. A. Bedient and G. P. Cressman. Mo. Weather 
Rev., Oct., 1957, pp. 333-340. Description of an 
experiment for use in numerical prediction. The 
process includes the automatic recognition, iden- 
tification, and decoding of the raw teletype data 
up to the point where they are ready for use in 
objective analysis. Problems encountered and 
methods used to attack these are also given. © 


Atmospheric Structure & Physics 


Issledovanie Verkhnikh Sloev Atmosfery. L. 
Kariakin. Radio, Dec., 1957, pp. 19, 20. In 
Russian. Discussion of methods for the investi- 
gation of upper atmospheric layers. 

Atmospheric Infrared Radiation Over Minneap- 
olis to 30 Millibars. John L. Gergen. J. 
Meteorology, Dec., 1957, pp. 495-504. 22 refs. 
USAF-Army-Navy-sponsored presentation of 
conclusions from the results of about 300 Black 
Ball flights in which the total atmospheric in- 
frared radiation is measured in terms of an equiv- 
alent radiation temperature. 


On the Release of Latent Heat as a Factor in 
Large Scale Atmospheric Motions. Eugene J. 
Aubert. J. Meteorology, Dec., 1957, pp. 527-542. 
10refs. Presentation of a mathematical formula- 
tion of the quasi-geostrophic numerical weather 
prediction model which includes the heat released 
during the condensation process. 


Further Studies of Thermally Driven Motions 
in a Rotating Fluid. H.-L. Kuo. J. Meteorol- 
ogy, Dec., 1957, pp. 553-558. Analysis of transi- 
tions from the lower forced symmetric regime to 
the wave regime, within the wave regime itself, 
and from the wave regime to the upper ee 
regime. 


Some Theoretical Aspects of the Relation of 
Surface Electric Field Observations to Cloud 
Charge Distributions. Donald R. Fitzgerald. 
J. Meteorology, Dec., 1957, pp. 505-512. USAF- 
supported presentation of the surface electric 
field in terms of cloud monopole and dipole mo- 
ments. Methods of calculating these moments 
from observed field disturbances and radar meas- 
urements of the cloud position and motion are 
developed. 


hy on Propagation of 
UHF, VHF, dio Waves Through the 
nd 953-1987), Wilhelm Nupen. 
Meteor. Abs. & Bibliog., Oct., 1957, pp. 1,374- 
1,418. 


Upper Air Research 


Radioprognoz i Geofizicheskie Nabliudeniia. 
V. Ivanitskii. Radio, Dec., 1957, pp. 20-23. 
In Russian. Discussion of the upper-atmosphere 
research, including wave propagation, effect of 
solar activity, and other ionospheric phenomena. 


The 3 Manned Stratosphere Balloon Ascents 
of 1957. Balloon As- 
cents 1931-1957. C. Winzen. IAS 26th 
Annual Meeting, eal York, Jan. 27-30, 1958, 
Preprint 833. 27pp. 18 refs. Members, $0.75: 
nonmembers, $1.25. Discussion of the balloon 
ascents and their inherent problems such as 
launching, construction, and safety factors. 


The Role of Manned Balloons in the Exploration 
of Space. M. D. Ross and M. L. Lewis. IAS 
26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 834. 19 pp. 30 refs. Members, 
$0.65; nonmembers, $1.00. Discussion on the 
potential of manned balloons for future experi- 
mentation. The measurements made during the 
flight include the areas of human factors and ex- 
traterrestrial measurements. 


The Association of Solar Radio Bursts of Spec- 
tral Type III with Chromospheric Flares. R. E. 
Loughhead, J. A. Roberts, and Marie K. Mc- 
Cabe. Australian J. Phys., Dec., 1957, pp. 483-— 
490. 10 refs. Investigation of the relationship 
of spectral type III to solar flares by comparing 
simultaneous optical and radio observations. 
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How to keep abreast of 
personalities and thinking in the 
AEROSPACE ENGINEERING PROFESSION 


Check these editorial features in 
AERO/SPACE ENGINEERING every month. 


® ENGINEERING ARTICLES—8 to 10 full-length exclusive engi- 
neering articles and reports on aircraft, missile, rocket, satellite, 
and spacecraft design and development. 


¢ AERO/SPACE REVIEWS—A complete review of the contents of 
over 900 technical publications, reports, and studies received at 
IAS Headquarters from worldwide sources. A five-man editorial 
staff, versed in over 12 languages, select, classify, and abstract thou- 
sands of items of prime interest to the profession. This is compara- 
ble to giving each of you a research staff to do an otherwise impos- 
sible job of reading for you. 


INTERNATIONAL ABSTRACTS —This 16-page insert reviews 
technical and scientific literature of unusual and immediate value ac- 
cording to current design trends in the aerospace field. Prepared on 
IBM typewriters, it is turned over to our printer at the last possible 
minute to insure timeliness. 


¢ DATELINE WORLD—This department contains engineering and 
scientific news and reports from correspondents all over the globe. 
As an IAS member you are invited to contribute. It is an open forum 
for the exchange of engineering ideas relating to missile, rocket, air 
and spacecraft research, design, and development. 


¢ PROFESSIONAL NEWS—Our news section is devoted entirely to 
the engineering professions engaged in air, missile, and spacecraft 
reszarch, development and operations—and, of course, is widely 
read by members of the profession throughout the aerospace industry. 


*NEW PRODUCTS AND LITERATURE—This 4-page insert is 
extremely popular with our readers. It is easy to find, easy to scan, 
and reports on over 100 separate items each month 


If you have comments or suggestions 
on any of the above features and 
departments... write to Mr. Allan 
Bernhardt, Associate Editor. We 
want to work with YOU in de- 


veloping tomorrow's news in the 

aerospace industry. A, FA) SA, LF 
ENGINEERING 

2 East 64th Street New York 21, N.Y. 
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Galactic Turbulence and the Origins of Cosmic 
Rays and the Galactic Magnetic Field. Appen- 
dix I—Collision Periods and Viscosity. J. H. 
Piddington. Australian J. Phys., Dec., 1957, pp. 
515-529. 31 refs. Discussion of a new absorp. 
tion mechanism in relation to the turbulence of 
oe neaaeree gas in the presence of a magnetic 

The Distribution of Radio Brightness Over the 
Solar Disk at a Wavelength of 21 Centimetres. 
IV—tThe Slowly Varying Component. W. N. 
Christiansen, J. A. Warburton, and R. D. Davies. 
Australian J. Phys., Dec., 1957, pp. 491-514. 
22 refs. 


Military Aviation, Ordnance 


Special Issue: First Annual Army Aviation 
Issue. Am. Av., Mar. 10, 1958, pp. 21-50, 56- 
78. Partial Contents: Why the Army Needs 
Aviation, Wilber M. Brucker. Who’s Who in 

my Aviation. Army Aviation Today. In- 
ventory of Army Aircraft Today. Plans Call 
for Fewer but Better Aircraft. More $$ for 
Aviation Despite Drop in Army Funds. Fort 
Rucker Sets Tempo of Army’s Booming Aviation 
Role. How Army Tests Its Aviation Equip- 
ment. Logistics: Lifeblood of Army Aviation. 
What’s Behind Army’s Turbine Engine Program, 
George V. Hart. Question Marks Punctuate 
Aerial Jeep Program, William Beller. Electronics 
Reshapes Army Aviation, Henry P. Steier. Army 
Electronics Geared to 1965—Plus. 

Radiolokatsionnaia Tekhnika PVO. K. Tro- 
fimov. Radio, Feb., 1958, pp. 27-31. In Rus- 
sian. Discussion of radar installations for anti- 
aircraft defense, including interception and fire 
control. 


Missiles, Rockets 


Ballistic Missiles—Springboard to Space. Air 
Force, Mar., 1958, pp. 73-98. Discussion on the 
effect’ which the dev elopment of the ballistic mis- 
siles will have on space technology. Includes 
Air Force organization for development and opera- 
tion of the missile and historical dates in missile 
development. 

Dinamika Poleta Upravliaemykh Snariadov. 
V. I. Marisov. Vestnik Vosdushnogo Flota, Jan., 
1958, pp. 59-65. In Russian. Discussion 
covering the flight dynamics of guided missiles, 
including trajectory determination, tracking, 
parallel-approach and angular method, and 
various guidance methods. 

Missiles as Aircraft. James Hay Stevens. 
Aeronautics, Feb., 1958, pp. 28-35. Discussion of 
European and American air-to-air and surface- 
to-air missiles. 

Missiles of the U.S.S.R. A. F. Zaehringer. 
Ordnance, Jan.—Feb., 1958, pp. 639-642. Survey 
of the progress in Soviet missile development. 

Guided Weapons Data Sheets. D. Howe. 
The Aeroplane, Feb. 14; Mar. 14, 1958, pp. 211- 
213; 359, 360. Presentation of tables showing 
the performance and general characteristics of 
different missiles. 

A Directory of Ballistic Missile Prime and Sub- 
contractors. Air Force, Mar., 1958, pp. 135-154. 

Kennzeichen und Daten der Lenkwaffen und 
ballistischen Geschosse des Westens. Flugwellt, 
Mar., 1958, pp. 172-179. In German. Pres- 
entation of data on ballistic and guided missiles 
of the United States, Great Britain, France, and 
Switzerland. 


On the Free Flight Drag Determination of a 
Finned Configuration (RM-10) Flying at Critical 
Reynolds << met J. D. Nicolaides and B. G. 
Karpov. U.: BRL Memo. Rep. 751, Dec., 
1953. 37 tg 


An Investigation at Mach Numbers of 1.62 and 
1.93 of the Lift Effectiveness and Integrated 
Downwash Characteristics of Several In-Line 
Missile Configurations Having Bagel pra Wings 
and Tails. C. E. Grigsby. U.S., NACA RM 
L52A02, Apr. 11,1952. 75 pp. 


Task Force for Talos. Albert Momm. Ord- 
nance, Jan.—Feb., 1958, pp. 629-633. Discus- 
sion of the development and performance of a 
ship-to-air missile. 


Symbols of Assault. Aeronautics, Feb., 1958, 
pp. 77-80. Survey of world’s missiles including 
the SM-62 Snark, XM-20 Sargeant, SSM-A-14 
Redstone, SM-68 Titan, SM-65 Atlas, TM-76 
Matador, and the Soviet T-2. 


Stand der Technik der Lenkwaffen und Rake- 
tengeschosse in Ost und West — Die Sputniks 
ihres Geheimnisses entkleidet. Flugwelt, Feb., 
1958, pp. 81-101. In German. Survey of: 
rockets, guided weapons, and satellites; Soviet 
rockets and satellites; Soviet guided weapons 
and ballistic missiles (surface-to-surface, surface- 
to-air, air-to-air, missiles for meteorological re- 
search); and performance data and characteris- 
tics of guided weapons and ballistic missiles of the 
West. Data include silhouette diagrams, di- 
mensions, and propulsion. 


Wind-Tunnel Investigation of a Ram-Jet 
Missile Model Having a Wing and Canard Sur- 
faces of Delta Plan Form with 70° Swept Leadi 

dges. I—Force and Moment Characteristics 0 
Various Combinations of Components at a Mach 
Number of 1.6. Clyde V. Hamilton, Cornelius 
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et =, — LMEE armament control systems help make Republic’s F-105 
One Of the most versatile new weapons available to Tactical 
is oom mse Air Command in fulfilling TAC’s 3-fold mission: (1) win and 
ii- ant oysters \ hold air superiority, (2) deny an enemy his reinforcements 
a — pat So and supply, and (3) give close air support to friendly land 
r- and sea forces. > »> In the F-105, LMEE armament control 
of systems are integrated with LMEE flight control systems to 
“| provide increased mission capabilities and to simplify the 


_ pilot's essential duties. » » For brochure, write Dept. 4E. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRII 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMEN1 
FRENCH ROAD, UTICA, NEW YORK 


A DEPARTMENT IN THE DEFENSE ELECTRONICS DIVISION 
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CONTROL MOTOR 


KEARFOTT SERVO MOTORS MEET ALL REQUIREMENTS 


OF RELIABLE, HIGH-PERFORMANCE MISSILE SERVO SYSTEMS. 


SHOCK AND VIBRATION: Ruggedized to withstand 30 g's and 2000 cps 


TEMPERATURE: Designed for operation at 400° F. or higher. 


CORROSION RESISTANT: Materials used assure freedom from corrosion, 
IMPEDANCE LEVEL: Matched to function with transistorized amplifiers. 


STALL | NO LOAD | votace | TRANSISTORI 
Twre | size | rorave | SPEED | | AMPLIFIER 

400 cps 
R-123-5 | 8 33 | 6500 | 26/40V A3105 
R-124-5 | 10 28 | 6500 | 26/40V A3105 
R-119-5 | 11 60 | 6200 | 115/40V A3106 
R-110-5 | 15 1.45 | 5000 | 115/40V A3106 
R-111-5 | 18 2.4 4800 | 115/40V A3104 
R-112-5 | 18 2.8 9800 | 115/40V A3104 
60 cps 
R-160-5 | 18 3.5 3400 | 115/40V A3300 


Send for detailed data on all Kearfott components 


KEARFOTT COMPANY, 


INC., LITTLE FALLS, N. J. 


'CORPORATION® 


Sales and Engineering Offices: 1378 Main Ave., Clifton, N 


Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 


South Central Office: 6211 Denton Drive, Dalias, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Driver, and John R. Sevier, Jr. II—Force and 
Moment Characteristics at Combined Angles of 
Pitch and Sideslip for Mach Number 2.01. Cor 
nelius Driver and Clyde V. Hamilton. U-: 
NACA RM L53A14; RM L56B21, Mar. 9, 1953; 
Apr. 26,1956. 48; 67 pp. 11 refs. 


Satellitey Rocket Problems. A. D. Baxter. 
The Engr., Feb. 14, 1958, pp. 236-238. Discus- 
sion of power-plant design requirements with em- 
phasis on methods to improve mass ratio, exhaust 
jet velocity, and reliability. 


Radical Configurations May Find Role in Push 
Toward Space Flight. J. S. Butz, Jr. Av. 
Week, Feb. 24, 1958, pp. 48-53. Discussion of 
wedge shaped fuselages and biplane-triplane wing 
arrangements as future aircraft shapes for over- 
coming drag of interfering supersonic flow fields 
which become very critical at hypersonic flight. 


An Evaluation of an Aeromechanical Method of 
Minimizing Servo-Missile Transfer-Function 
Variations with Flight Condition. Martin L. 
Nason. U.S., NACA RM L56A31, Apr. 18, 
1956. 41 pp. Results indicate that a torque- 
servo-controlled missile employing judicious 
amounts of control-surface-position feedback has 
exceptionally favorable static and dynamic char- 
acteristics. The presence of control-surface 
damping is mandatory to maintain dynamic 
stability. 


Infrared Application to Guidance and Control. 
R. W. Powell and W. M. Kauffman. Aero/Space 
Enegrg., May, 1958, pp. 66-71. Discussion of the 
infrared radiation physics and description of the 
detectors, optics, discrimination, and electronic 
systems. 


Guidance and Control for a Homing Missile. 
The Aeroplane, Jan. 17, 1958, pp. 83-86. Brief 
account of a teamwork research program. 


Omni-Directional Tracking Systems. W. J. 
Zable. Astronautics, Mar., 1958, pp. 34, 35, 46, 
47. Discussion of a combination distance- and 
angle-measuring equipment permitting instan- 
taneous location of an exact point in space for any 
missile within 200 miles. 


nee Test Stand Pressure Controller Design. 
G. E. Click and R. G. Halliday. Aero/Space 
Boal , May, 1958, pp. 72-77. Discussion of 
the various steps involved in pressure controller 
system design and method for selection of system 
elements based upon electronic, hydraulic, ther- 
modynamic, and other processes. 


Navigation 
Navigation in Speed Aircraft. 
. R. Greenaway. (CAI-IAS Joint Meeting, 


a Oct. 21, 22, 1957, ane 753.) Can. 
Aero. J., Feb., 1958, pp. 48-51 


Abaques pour Compléter aa Cartes Marines 
Polaires en Vue de Faciliter leur Usage pour la 
Navigation Maritime et Aérienne. C. Chava- 
nier. Navigation (Paris), Jan., 1958, pp. 62-71. 
In French. Discussion of means for improving 
marine polar maps and applying them to aerial 
navigation. 


Stellar-Inertial Guidance Reduces Error. 

B. Horsfall. Av. Week, Mar. 17, 1958, pp. 73- 2. 
Discussion of the need for navigation techniques 
offering the accuracies required for guidance of 
long-range supersonic aircraft and cruise missiles, 
as well as for space travel. Includes an evalua- 
tion of problems and possible errors as well as 
methods of prevention. 


Electronic Aids 


Advanced Doppler Navigation. J. R. Iverson. 
Aero/Space Engrg., May, 1958, pp. 81-85. De- 
scription of a system which makes accurate dead- 
reckoning navigation possible. The system con- 
tinuously supplies the pilot with graphic indica- 
tion of his present position with respect to his 
destination, his base, and any known obstacle in 
the area. 


Radio Navaids for Long-Range Flight. Morti- 
mer Rogoff. Aero/Space Engrg., May, 1958, pp. 
44-49, 54. Description of present radio naviga- 
tion systems and discussion of their operating 
characteristics and suitability for modern high- 
speed air operations. 


Multipurpose Automatic Navigator. Barry 
Baron and Rodney W. Unold. Aero/Space 
Engrg., May, 1958, pp. 55-59. Discussion of 
various guidance problems due to the advent of 
high-speed multipurpose flight. Ultra-precise 
radar navigation and gyro systems are described 
along with other error reducing methods used to 
determine accurate position. 


Untersuchungen iiber sprunghafte Peilungen 
an Mittelwellen-Vierkursfunkfeuern. H. J. Zetz- 
mann, R. A. Wendlinger, and H. Zauscher. 
DVL Bericht No. 38, Aug., 1957. 54 pp. 17 refs. 
In German. Theoretical and experimental in- 
vestigation of the erratic direction of medium- 
wave radio beacons, using a visual indication on 
the direction finder in order to check the observa- 
tions. 


Dispositif de Guidage DECCA Suivant une 
Route Quelconque par Simple Modification des 
Indicateurs-Décométres. P. Hugon. Navigation 
(Paris), Jan., 1958, pp. 29-41. In French. De- 
scription of the DECCA navigation system and 
discussion of its operation. 
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Nuclear Energy 


Two-Dimensional Diffusion Theory Analysis of 
Reactivity Effects of a Fuel-Plate-Removal Ex- 
periment. Appendix A, B—Diffusion Equations 
and Group Constants Used in Reactivity Calcula- 
tions. Edward R. Gotsky, James P. Cusick, and 
Donald Bogart. U.S.. NACA TN 4164, Jan., 
1958. 30pp. Presentation of reactivity calcula- 
tions using two methods. The first represents 
the slowing-down properties of the experimental 
fuel element by infinite media parameters. The 
second recognizes the finite size of the experimen- 
tal fuel element and attributes the slowing-down 
properties of the surrounding core to this small 
region. 


The Effects of Short Duration Neutron Radia- 
tion on Semiconductor Devices. W. V. Behrens 
and J. M. Shaull. JRE Proc., Mar., 1958, pp. 
601-605. Presentation of results indicating that: 
(a) the irradiation of semiconductor diodes results 
in an increase in the forward resistance of the 
diode and a decrease in back resistance, (b) the 
integrated neutron dosage is of primary import- 
ance rather than the rate of exposure, and ( i the 
neutron radiation damage to the semiconductor 
devices is permanent. 


Technologische und chemische Stoff-Anderun- 
gen unter der Einwirkung energiereicher Strah- 
lung. Wilhelm Hanle and Artur Scharmann. 
VDT Zeitschrift, Jan. 21, 1958, pp. 101-112. 23 
refs. InGerman. Discussion of the mechanical, 
physical, and chemical changes occurring in a 
substance under the influence of high-energy 
radiation. 


Mission Dictates Nuclear Sieien Design. 
Evert Clark. Av. Week, Mar. 10, 1958, pp. 59- 
67. Study of possible types of nuclear engines 
and aircraft, and determination of the probable 
operational cycle of a tanker powered by nuclear 
turboprops. 


Considerazioni d’Ingegneria Nucleare in Me- 
rito agli Indirizzi Attuali per la in mye degli 
Aerei con Combustibile Nucleare. Mario Medici. 
(A.I.D.A. 15th Natl. Cong., Cagliari, Sept., 1957.) 
L’ Aerotecnica, Oct., 1957, pp. 273-277. In Italian. 
Presentation of some engineering considerations 
on the present trends of the aircraft propulsion 
with nuclear propellants. 


Parachutes 


Modern Uses of Parachutes. L. H. Ford. 
Interavia, 1958, pp. 146, 147. Discussion of dif- 
ferent parachute applications showing that each 
new use calls for a specific new design. 


Photography 


Special Issue: ‘‘Air Survey Feature.’”’ Flight, 
Feb. 14, 1958, pp. 205-218. Partial Contents: 
The Basis of Economic Development Today. 
Current Trends in Photogrammetric Mapping. 
Cameras and Plotting Machines. Airborne 
Geophysical Instruments. Principal Operators. 


The Mathematical Theory Underlying an As- 
tronomical Method of Calibration 
Cameras. W. J. Spee Gt. Brit., 
O:2.S., B:T.977, Jane, 1987 
Presentation of a method of calibration for use 
when the effect of atmospheric refraction must 
be taken into consideration. It includes a brief 
account of the spherical trigonometry and as- 
ear necessary for the development of the 
method. 


Physics 


Izuchenie Iavlenii Liuminestsentsii i Razvitie 
ee Primenenii v Sovetskom Soiuze. V. L. Lev- 
shin. Uspekhi Fiz. Nauk, Jan., 1958, pp. 55-92. 
313 refs. In Russian. Survey of the investiga- 
tions of luminescence phenomenon and the devel- 
opment of its application in USSR 

Teoriia Dvizheniia Malykh Aerozol’nykh ee 
tits v Pole Diffuzii. B. V. Deriagin and S. 
Bakanov. AN SSSR Dokl., Dec. 21, 1957, a 
959-962. In Russian. Analysis of the theory of 
— of small aerosol particles in the diffusion 

e 


On the Dependence of the Motion of Bodies in 
a Gravitational Field on Their Mass. I. G. Fikh- 
tengol’ts. (Zhurnal Exper. i Teoret. Fiz., May, 
1957, pp. 1,098-1,101.) Sov. Phys.-JETP, Dec., 
1957, pp. 898-901. Derivation of the Lagran- 
gian function for the motion of a body of small 
mass in a fixed field. 


Contribution to the Theory of Transport Proc- 
esses in a Plasma Located in a Magnetic Field. 
E. S. Fradkin. (Zhurnal Exper. i Teoret. Fiz., 
May, 1957, pp. 1,176—1,187.) Sov. Phys.— 
JETP, Dec., 1957, pp. 956-966. Development 
of a theory of a plasma located in electric and 
magnetic fields, using a method of approximations 
to solve the Boltzmann equation. 


Quantum Statistics of Interacting Particles; 
General Theory and Some Remarks on Properties 
of an Electron Gas. Appendix I—On the Inte- 
Bebye- of the Fermion Integral. Appendix II— 

% Hiickel Theory Through Mayer Approach. 

Montroll and J. C. Ward. Phys. Fluids, 
a) Feb., 1958, pp. 55-72. 22 refs. OSR-sup- 
ported development of a systematic generaliza- 


tion of the Mayer cluster integral theory to deal 
with the quantum statistics of interacting parti- 
cles. 


Wavelength Dependence of the Scattering Co- 
efficient for Infrared Radiation in Natural Haze. 
M. G. Gibbons. OSA J., Mar., 1958, pp. 172- 
176. 16 refs. 

K Teorii Fazovogo Perekhoda. N. N. Bogo- 
liubov, D. N. Zubarev, and Iu. A. Tserkovnikov. 
AN SSSR Dokl., Dec. 11, 1957, pp. 788-791. 
In Russian. Analysis of the theory of phase 
transition. 

On the Magnetic Properties of unvornteees 
of the Second Group. A. A. Abrikosov. (Zhur- 
nal Exper. i Teoret. Fiz., June, 1957, pp. 1,442- 
1,452.) Sov. Phys.-JETP, Dec. 15, 1957, pp. 
1,174-1,182. 11 refs. Translation. Study of 
the magnetic properties of superconductors for 
which the parameter x of_the Ginzburg-Landau 
theory is greater than 1//2. 

Cosmology. W. H. Bostick. JAS 26th An- 
nual Meeting, New York, Jan. 27-30, 1958, Pre- 
print 830. T7pp. Members, $0.35; nonmembers, 
$0.75. Discussion of the essential features of 
Einstein’s static universe; the exploding universe 
of Friedman, LeMaitre, and Gamow; and the 
no ia creation universes of Bondi, Gold, and 

oyle. 


Variation of the Hall Coefficient of Mg-Cd 
Superlattice Alloys with Degree of Order. Kiyo- 
shi Yonemitsu and Takao Sato. Phys. Soc. 
Japan J., Jan., 1958, pp. 15-22. Measurement of 
the temperature dependence of the Hall coefficient 
to determine the effect of order-disorder trans- 
formation. 


Research to Investigate the Feasibility of Elec- 
tron Mirror oo in the Study of Ley 
Domains. Lud J. Mayer. USAF WADC 
TR 57-585 1957. 27 pp. 
48 refs. Experimental and theoretical investiga- 
tion showing that electron mirror microscopy is 
a feasible research tool for magnetic studies. 

Thermoelectric Effects. Appendix I—Deriva- 
tion of the Kelvin Relations. Appendix II— 
Useful Formulas for Practical Application “ 
Thermoelectric Effects. F. E. Jaumot, Jr. 
Proc., Mar., 1958, pp. 538-554: 133 refs. he 
view of the basic principles of thermoelectric 
effects in solids, with emphasis on the practical 
application of these effects. The present status 
of the problem and recent achievements are out- 
lined. A qualitative approach is used. 


Coe Helium. J. T. Simmons. Western 
Av., Feb., 1958, pp. 24-28. Evaluation of helium 
—a be es of vital importance to the engineer, 
owing to its physical properties. Multiple ad- 
vantages over other substances and some of its 
disadvantages are discussed. 


Low Temperature Studies Create New Branch 
of the Art: Cryogenic Electronics. James Hola- 
han. Av. Age, Mar., 1958, pp. 174-187. Dis- 
cussion of physical phenomena at temperatures 
ranging from liquid oxygen’s 90.1°K. to absolute 
zero. Emphasis is placed on the property of 
superconductivity of metals at these tempera- 
tures. 


Temperature-Pressure-Time Relations in a 
Closed Container. Sidney C. Huntley. 
U.S., NACA TN 4259, Feb., 1957. 21 pp. Ex- 
perimental investigation with liquid nitrogen 
showing that surface temperature controls the 
tank pressure. Stirring the liquid to equalize 
liquid temperatures causes a pressure reduction to 
the calculated value, while mixing the vapor in- 
creases the direct heat flow to the stable liquid 
layer at the surface, thus resulting in a tempera- 
ture increase. 


Radioizluchenie Solntsa i Planet. V. V. Zhe- 
lezniakov. Uspekhi Fiz. Nauk, Jan., 1958, pp. 
113-154. 159 refs. In Russian. Survey of in- 
vestigations of the solar and planetary radio 
emission. 


Power Plants 


Special Issue: Powerplant Review. The 
Aeroplane, Feb. 21, 1958, pp. 236-246, 250-260, 
262-267. Partial Contents: Ramjet Develop- 
ment, P. J. Cooper. High-Energy Aircraft 
Fuels. Shaft Turbines from Ansty. Current 
Aero-Engine Trends, John W. R. Taylor. Cur- 
rent Powerplants—Turbine Engines. Jet Air- 
craft Noise and the By-Pass Engine, H. B. Irving. 
Rocket Propulsion at Cranfield. Turboprop 
Test Facility. 


Forward in Propulsion. M. C. Demler. 
Western Av., Feb., 1958, pp. 10, 11. Discussion 
of the continuing development of conventional 
propulsion methods including the chemical field. 


Jet Propulsion Looks to the Future. Jerry 
Grey. Astronautics, Mar., 1958, pp. 29-31, 78— 
83. Discussion of possible future developments 
in turbojet, ram-jet, rocket, and nuclear propul- 
sion systems. 


Jet & Turbine 


Gasturbinen. Karl Bammert. VDI Zeit- 
schrift, Nov. 1, 1957, pp. 1,585, 1,586. 63 refs. 
In German. Brief discussion of the development 
and applications of gas turbines. 


Beating Frequency of a Rotating Cantilever 
Beam. M. J. Schilhansl. (ASME Fall Meeting, 


Hartford, Sept. 23-25, 1957, Paper 57-F-6.) J. 
Appl. Mech., Mar., 1958, pp. 28, 29. Investiga- 
tion of the stiffening effect of the centrifugal forces 
on the first-mode bending frequency of a rotating 
cantilever beam using the method of successive 
approximations. 


Gas Turbine Combustion System Design. 
F. D. M. Williams. (CAI-IAS Joint Meeting, 
Montreal, Oct. 21, 22, 1957, Preprint 754.) Can. 
Aero. J., Mar., 1958, pp. 99-104 


O Sravnenii Tsiklov Gazoturbinnykh Ustano- 
vok s Postoiannym Davieniem i Postoiannym 
Ob’emom Sgoraniia. V. I. Lokai. AN SSSR 
Otd. Tekh. Nauk Izv., Nov., 1957, pp. 92-98. 
In Russian. Evaluation and comparison of gas- 
turbine cycles including constant-pressure and 
constant-combustion-volume systems. 


Effect of Diffuser Design, Diffuser-Exit Veloc- 
ity Profile and Fuel Distribution on Altitude Per- 
formance of Several Afterburner Configurations. 
E. William Conrad, Frederick W. Schulze, and 
Karl H. Usow. U.S., NACA RM _ E53A30, 
July 9, 1953. 63 pp. 


Combustor with Ceramic- 
Coated Liners and with Mechanical Control of 
Fuel Wash on Walls. Helmut F. Butze and 
Edmund R. Jonash. U.S., NACA RM E52125, 
Nov. 24, 1952. 43 pp. 

Altitude Performance Investigation of Two 
Sastre Type Combustors and the Proto- 
type J40-WE-8 Turbojet Engine Combustor with 

rious Combustor-Inlet Air Pressure Profiles. 
Adam E. Sobolewski, Robert R. Miller, and John 
E. McAulay. U.S., NACA RM E52J07, May 
29,1953. 46 pp. 


Altitude Performance and Operational Char- 
acteristics of 29-Inch-Diameter Tail-Pipe Burner 
with Several Fuel Systems and Fuel-Cooled 
Stage-Type Flame Holders on J35-A-5 Turbojet 
Engine. _L. Golladay and Harry E. 
Bloomer. U.S ACA RM ES50A19, hee. 28, 
1950. 57 pp. 


Recent Advances in the Aerodynamic Design of 
Axial Turbomachinery. W. H. Robbins and H. 
W. Plohr. (CAI-IAS Joint Meeting, Montreal, 
Oct. 21, 22, 1957, Preprint 762.) Can. Aero. J 
Feb., 1958, pp. 63-68. 


Investigations on an Experimental Air-Cooled 
Turbine. I—General Description of Turbine and 
Experimental Technique. D. G. Ainley and N. 
E. Waldren. II—Cooling Characteristics of 
Blades Having a Multiplicity of Small Diameter 
Coolant Passages. D.G. Ainley, N. E. Waldren, 
and K. Hughes. Gt. Brit., ARC R&M 2975 
(Mar., 1957. 64 pp. llrefs. BIS, New 
York, $3.24 


Sedieieaee Investigation of Pumping and 
Thrust Characteristics of Full-Size Cooling-Air 
Ejectors at Several Exhaust-Gas Temperatures. 
Appendix A, B—Calculation of Primary Gas 
Temperature and Nozzle Flow Coefficients. W. 
K. Greathouse. ACA RM E54A18, Apr. 
9,1954. 130 pp. 


Darts for Today and Tomorrow. The Aero- 
plane, Feb. 28, 1958, pp. 289-293. Discussion of 
the turboprop engine development and presenta- 
tion of design details of the R.Da. 7. 


Dart Up to Date; Development of the Famous 
Rolls-Royce Turboprop for the Viscount 810. 
Flight, Feb. 28, 1958, pp. 276-280. 


The Lycoming Gas Turbine Family. Kenneth 
E. Luther... AHS Newsletter, Dec., 1957, pp. 2-7. 
Description, design philosophy, performance, and 
possible applications of lightweight jets. 


Altitude Starting Characteristics of an After- 
burner with Autoignition and Hot-Streak Ignition. 

. E. Renas, R. W. Harvey, and E. T. Jansen. 
U.S., NACA RM E53B02, Apr. 6, 1953. 25 pp. 


Effectiveness of a Turbojet Tubular Combustor 
in Screening the Turbine from Foreign Objects. 
Patrick T. Chiarito. U.S., NACA RM ES55E16, 
July 18, 1955. 20 pp. 


Effects of Inlet-Air-Flow Distortion on Steady- 
State Altitude Performance of an Axial-Flow 
Turbojet Engine. E. William Conrad, —— 
P. Hanson, and John E. McAulay. U. Ss); NACA 
RM E55 A04, Sept. 27, 1955. 47 pp. Results 
indicate that the performance of the combustor 
and turbine are not appreciably affected by the 
various patterns of inlet-air distortion. The 
radial distortion increases the speed at which 
rotating stall is present, whereas the inverse dis- 
tortion has the opposite effect. The maximum 
effect of the distortions on over-all engine per- 
formance is a 14 per cent reduction. 


Methods for Calculating Thrust Augmentation 
and Liquid Consumption for Various Turbojet- 
Afterburner Fuels. Appendix A, B, C—Use of 
Nomographic Solutions. James F. Morris. 
U.S., NACA RM E56A23, Oct. 10, 1956. 73 pp. 
Calculation of jet-engine net thrust using air 
specific-impulse data in nomographic form for 
various fuels. Thermodynamic data for ideal 
combustion of several fuels are presented in 
graphical form for convenient use in turbojet- 
after-burner calculations. 


Altitude-Wind-Tunnel Investigation of Tail- 
Pipe Burner with Converging Conical Burner 
Section on J35-A- “ Turbojet Engine. H. Carl 
Thorman and Carl E. Campbell. U.S., NACA 
RM E9116, Feb. 10, 1950. 60 pp. 
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Jo the talented 


engineer and scientist 


APL OFFERS 
GREATER FREEDOM 
OF ACTIVITY 


APL has responsibility for the technical direction 
of much of the guided missile program of the 
Navy Bureau of Ordnance. As a result staff mem- 
bers participate in assignments of challenging 
scope that range from basic research to prototype 
testing of weapons and weapons systems. 

A high degree of freedom of action enables 
APL staff members to give free rein to their 
talents and ideas. Thus, professional advance- 
ment and opportunities to accept program re- 
sponsibility come rapidly. Promotion is rapid, 
too, because of our policy of placing professional 
technical men at all levels of supervision. 

APL’s past accomplishments include: the first 
ramjet engine, the Aerobee high altitude rocket, 
the supersonic Terrier, Tartar, and Talos missiles. 
Presently the Laboratory is engaged in solving 
complex and advanced problems leading to future 
weapons and weapons systems vital to the na- 
tional security. Interested engineers and physi- 
cists are invited to address inquiries to: 


Professional Staff Appointments 


The Johns Hopkins University 


Applied hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Maryland 
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Ram-Jet & Pulse-Jet 


Transonic Free-Flight Drag Results of Full- 
Scale Models of 16-Inch-Diameter Ram-Jet 
Engines. W. E. Messing and L. W. Acker. U. 
S., NACA RM E52B19, Apr. 17, 1952. 17 pp. 

Performance of a 16-Inch Ram-Jet Engine with 
a Can-Type Combustor at Mach Numbers of 1.50 
to 2.16. Donald P. Hearth and Eugene Percho- 
nok. U.S.. NACA RM _ E54G13. Aug. 27, 
1954. 30 pp. 

Preliminary Experiments with Pilot Burners for 
Ram-Jet Combustors. John M. Farley, Robert 
E. Smith, and John H. Povolny. U.S., NACA 
RM E52J23, Jan. 2, 1953. 45 pp. Develop- 
ment of a 5-in.-diameter circular pilot burner and 
an annular-segment pilot burner which give stable 
operations over a satisfactory range of fuel-air 
ratios. 


Rocket 


Raketenantriebe. R.H. Reichel. VDI Zeit- 
schrift, Nov. 1, 1957, pp. 1,587-1,591. 103 refs. 
In German. Discussion of the development of 
rocket power plants, including liquid, solid, and 
liquid-solid fuel propulsion systems as well as 
various applications. 


Combustion Instability in Solid Propellant 
Rocket Motors. E. W. Price and J. W. Sofferis, 
Jet Propulsion, Mar., 1958, pp. 190-192. Experi- 
mental investigation using a burner designed to 
favor oscillations in a stationary mode. The 
burner has a combustion chamber with a circular 
cylindrical chamber in order to obtain longitudinal 
oscillations of very simple geometry with fre- 
quencies comparable to those of the transverse 
oscillations in much larger motors. 

Preliminary Investigation of a Chemical Start- 
ing Technique for the Acid-Gasoline Rocket Pro- 
pellant System. Glen Hennings and Gerald 
Morrell. U.S., NACA RM E52K21, Jan. 30, 
1953. 23 pp. 

Why not Dual-Thrust Engines? R. S. New. 
man. Astronautics, Mar., 1958, pp. 26-28, 48, 
49. Discussion of the disadvantages of a con- 
ventional booster-sustainer system which can be 
overcome by single solid propellant engine having 
dual thrust capability. 

Spectre A.T.O. Unit; A Recoverable Rocket 
Motor for Victors and Vulcans. Flight, Feb. 7, 
1958, pp. 178, 179. 


Theoretical Rocket Performance of JP-4 Fuel 
with Several Fluorine-Oxygen Mixtures Assum- 
ing Equilibrium Composition. Sanford Gordon. 
U's. NACA RM E57K22, Feb. 25, 1958. 69 pp. 
15 refs. Presentation of data for a chamber pres- 
sure of 600 psia, for pressure ratios of 1 to 1,500, 
and a range of equivalent ratios. 


Production 


The DC-8 in Production. The Aeroplane, Jan. 
17, 1958, pp. 79, 82. Description of the aircraft's 
production process. 


The Hawk Motor Tube. Larry Shiller. Ord 
nance, Jan.-Feb., 1958, p. 745. Description of 
the deep-drawing process for motor cases of a 
Hawk missile. The process consists of five press 
operations: cupping, reduction, combination re- 
duction and ironing, and two other ironing opera- 
tions. 


Transfer-Press Tooling and Techniques in 
Light Presswork. W. Hortig. (Sheet Metal 
Industries, Feb., 1957.) Steel Processing & Con- 
version, Feb., 1958, pp. 76-80, 111. 


Repair and Modification of Plastic Tools. Ben- 
jamin Sokol. Steel Processing & Conversion, Jan., 


1958, pp. 25-32, 46. Discussion based on two 
factors: ‘‘economics’’ and ‘‘urgency’’; includes 
material consideration and specific repairs. 
Metalworking 


Things to Come in Production. John N. Dick. 
Western Av., Feb., 1958, pp. 16-18. Discussion 
of future production procedures, equipment, ma- 
terials, methods, and techniques. 


Conditions de Trempe. C. Wilson. L'Air, 
Mar., 1958, pp. 23-25. In French. Study of 
temperature changes in large light-alloy speci- 
mens and description of test methods. 


Tips on Selling and Buying Precision Invest- 
ment Castings. F.L. Romeo and Michael Gead- 
stone. Aero. Purchasing, Mar., 1958, pp. 26, 27, 
42. 

Alluminum Alloy Castings. John L. Everhart. 
Materials in Des. Eng., Feb., 1958, pp. 125-144. 
11 refs. Discussion of some 30 grades of alu- 
minum alloys suitable for castings. Includes a 
summary of specifications, engineering properties, 
design considerations, processing characteristics, 
and applications. 


New in Forging. H. L. Shaw. 
Battelle Tech. Rev., Mar., 1958, pp. 8-12. 


The Effect of Specimen Diameter on the Strain- 
ing of a Cylindrical Load-Cell. J. F. W. Bishop 
and M. T. Watkins. Brit. J. Appl. Phys., Jan., 
1958, pp. 38-40. Presentation of theoretical and 
experimental results on the surface axial distortion 
showing that a height-to-diameter ratio of about 
7:4 is required to eliminate end effects and the 


—— 
| 
| 
| 
i 
| 
| 
100s 


, Jan. 
raft’s 


Ord 
on of 
of a 
press 
on re- 
»pera- 


es in 
Metal 
Con- 


cludes 


Dick. 
ussion 
t, ma- 


Air, 
dy of 
speci- 


26, 27, 


hart. 
5-144, 
f alu- 
ides a 
erties, 
istics, 


ortion 
about 
nd the 


effect of specimen diameter on the loads recorded 
near its center. 

New Extrusion—Fabrication Process Reduces 
Jet Engine Parts Costs. Neil J. Feola. SAEJ., 
Feb., 1958, pp. 32-36. Description of a process 
for making ring-shaped titanium jet engine parts 
by extruding a suitable cross-section in strip 
form, cutting the strip, bending into a circle, and 
welding together the ends. 

Development of Filler Wires for Welding SAE 
4130, 4140 and 4340 Steels. H.W. Mishler, R. 
P. Sopher, and P. J. Rieppel. (AWS Natl. 
Spring Meeting, Buffalo, May 7-11, 1956.) Weld- 
ing J. Res. Suppl., Feb., 1958, pp. 41-s-48-s. In- 
vestigation using filler wires (a) of a composition 
similar to that of the base material and (b) witha 
dissimilar composition. 

High-Vacuum Electron-Beam Fusion Welding. 
W. L. Wyman. Welding J. Res. Suppl., Feb., 
1958, pp. 49-s-53-s. Description of the newly 
developed welding process, its range of applica- 
tion, and the properties of the welds. 

Revised Welding Practices Pay Off in the Jet- 
Engine Industry. F. J. Bacon. Welding J., 
Feb., 1958, pp. 124-126. Discussion of some fit- 
up standards, including the basic cause and effects 
of loose fits for arc welding. 


Nonmetalworking 


Methods for Joining Plastics Parts. A. J. 
Cheney and W. E. Ebeling. SPE J., Mar., 
1958, pp. 31-39. Description of several joining 
techniques which include blind riveting, press 
fitting, induction welding, and spin welding. 
These techniques offer economies and new ap- 
proaches to assembly problems formerly limited 
by inadequate production methods. 


Reference Works 


List of Current Papers Published for the Aero- 
nautical Research Council Nos. 301-350. Gz. 
Brit., ARC CP 350, Oct., 1957. 5 pp. BIS, 
New York, $0.24. 


Some Proposals Regarding the Definitions of 
Terms Relating to Various Flow Regimes of a 
Gas. C. H. E. Warren and A. D. Young. Gt. 
Brit., ARC CP 368 (Oct. 10, 1957) 1958. 7 pp. 
BIS, New York, $0.27. 


Report of the Definitions Panel on Definitions 
to be Used in the Description and Analysis on 
Drag. Gt. Brit., ARC CP 369 (May 17, 1957) 
1958. pp. BIS, New York, $0.36. 


Bibliography of Ice and Frost Control. T. H. 
McConica, III. USAF WADC TR 56-338, Pt. 
II [AD142318], Jan., 1958. 73 pp. 322 refs. 


Chemical Fragments as Ultra-Energy Propel- 
lants (Abstracts Bulletin No. 2). W. H. Ander- 
sen, J. H. Abraham, L. H. Baum, and G. Moe. 
Aerojet-Gen. TN 22 (AFOSR TN 57-699) [AD 
136692], Oct., 1957. 54 pp. 277 refs. Review 
of literature on chemical fragments embracing the 
related subjects of production, identification, and 
determination of properties. The ultra-energy 
substances include charged (ions) and uncharged 
(free radicals) molecular fragments. 


Research, Research Facilities 


Frontiers of Research. Carlo R. Tosti. West- 
ern Av., Feb., 1958, pp. 12-14. Discussion of 
materials, tools, propulsion systems, techniques, 
and human factors involved in high-atmosphere 
and space flight. 


Rocket Sleds, Tracks 


New Rocket Sled Developments. Earnest M. 
Emery and Raymond M. Fletcher. Mussile Des. 
& Devel., Feb., 1958, pp. 10-13. Discussion of 
sled trajectories which are divided into three 
— (acceleration, sustained velocity, and 
raking phase). The characteristics of both solid- 
propellant and liquid-propellant sleds are also 
presented. 


Wind Tunnels 


Test Flights on a Reduced Scale. Hawker 
Siddeley Rev., Dec., 1957, pp. 110, 111. Brief 
discussion of wind tunnel testing at the Armstrong 
Whitworth Company. 


The Drag of Steamline Bodies of Revolution in 
a Wind Tunnel. G. S. Vasy. Acta Technica, 
Fase. 3-4, 1957. 8 pp. Presentation of several 
methods (Lock) for the evaluation of the wind 
tunnel correction of the drag coefficient. The 
results show that the correction for a slender 
streamlined body of revolution is about half as 
large as that for a body of oval axial section 
(Rankine ovoid). 


Evaluation of an Automatic Inlet-Pressure 
Control Valve for Study of Transient Engine Per- 
formance Characteristics. Lewis E. Wallner, 
Robert J. Lubick, and Harry E. Bloomer. U-S., 
NACA RM E55L13, Apr. 6, 1956. 25 pp. Re- 
sults demonstrate that during acceleration, inlet 
total-pressure deviations of about 5 per cent from 
the desired level are obtained with the propor- 
tional-type control. When integrating action is 
added to the control, this pressure’ deviation is 
reduced to 1 1/2 per cent. 


Der Uberdruck-Windkanal in Aachen. A. 
Naumann, A. Heyser, and Trommsdorff. 
DVL Bericht No. 41, Dec., 1957. 34 pp. In 
German. Description of the Aachen supersonic 
wind tunnel, including the aerodynamic per- 
formance, instrumentation, and some flow-visual- 
ization results. 


Extension de la Technique de l’Argile de Chine 
a l’Etude des Ecoulements et des Echauffements 
de Maquettes en Régime Supersonique. 4 
Cornillon. Docaéro, Jan., 1958, pp. 15-18. In 
French. Extension of the china-clay technique 
to the study of flows and heating of models in 
supersonic regime. 


Izuchenie Fizicheskikh Protsessov v Udarnoi 
Trube pri Pomoshchi Vysokoskorostnogo Foto- 
grafirovaniia. L. A. Vasil’ev, S. S. Semenov, and 
E. A. Tarantov. AN SSSR Otd. Tekh. Nauk 
Izy., Nov., 1957, pp. 186-188. In_ Russian. 
Study of the physical phenomena in a shock tube 
by means of high-speed photography. 


Rotating Wing Aircraft, Helicopters 


Special Issue: Helicopters of the World. 
Flight, Mar. 21, 1958, pp. 369-402. Partial 
Contents; A ‘‘Flight’’ Survey of Current and Pro- 
jected Types. Who Believes in Helicopters, J. 

R. Taylor. Rotor Power. Helicopters in 
Civil Operation, John Seekings. 


Soosnye Vozdushnye Vinty. D. Nikolaev. 
Grazhdanskaia Aviatsita, Jan., 1958, pp. 25, 26. 
In Russian. Discussion of the operation and 
dynamic characteristics of coaxial rotor blades. 


Flight iaventiquion of Effects of Atmospheric 
Turbulence and Moderate Maneuvers on Bending 
and Torsional Moments Encountered by a Heli- 
copter Rotor Blade. LeRoy H. Ludi. U.S., 
NACA TN 4203, Feb., 1958. 34 pp. Presenta- 
tion of test results indicating no significant in- 
crease in the total blade moments due to atmos- 
pheric turbulence or moderate pull-up maneuvers 
which produce center-of-gravity acceleration in- 
crements of less than about 0.15g. 


The Effect of the Ground on a Helicopter Rotor 
in Forward Flight. I. C. Cheeseman and W. E. 
Bennett. (Gt. Brit., AAEE Rep. Res./288.) Gt. 
Brit., ARC R&M 3021 (Sept., 1955) 1957. 10 
pp. BIS, New York, $0.63. 


Stabilitatea Dinamica Longitudinala in Zbor 
Orizontal a Elicopterelor cu Rotoare in Tandem. 
Marinescu. Rev. Transp., Jan., 1958, pp. 
32-36. In Rumanian. Investigation of the 
longitudinal dynamic stability of tandem-rotor 
helicopters in horizontal flight. 


An Analysis of the Longitudinal Stability and 
Control of a Single-Rotor Helicopter. F.O’Hara. 
Gt. Brit., ARC R&M 2958 (July, 1954) 1957. 22 
pp. BIS, New York, $1.17. Presentation of the 
general stability and control theory in a form simi- 
lar to that for fixed-wing aircraft. The possibility 
is shown for the helicopter to establish in forward 
flight stick-fixed and maneuver margins on which 
stability and handling qualities depend to a great 
extent. 


Tomorrow’s Flying Cranes. Frank J. Delear. 
AHS Newsletter, Feb., 1958, pp. 2-6. Discussion 
of the possible flying-crane configuration and its 
applications to construction and military tasks. 


Safety 


Important Factors in Aviation Safety. R. M. 
Woodham. (CAI/-IAS Joint Meeting, Montreal, 
Oct. 21, 22, 1957.) Can. Aero. J., Mar., 1958, pp. 
94-98. Discussion of problem areas in air safety 
including air traffic control, mid-air collisions, 
human engineering, occupant protection, airport 
modernization, and weather forecasting. 


Unexplained Aircraft Accidents in the U. S. Air 
Forces in Europe. J. M. Talbot. (NATO 
AGARD 10th Aeromed. Panel, Paris, A-pr., 
1957.) J, Av. Med., Feb., 1958, pp. 111-116. 


Space Travel 


Special Issue: Space Flight. Av. Age, Mar., 
1958, pp. 28-101. Partial Contents: Blueprint 
for Space Research, H. E. Newell, Jr., and K. R. 
Stehling. Getting Man Into Space, W. A. Orr 
and J. W. Tucker. Balloon-Launched Vehicle 
May be First on the Moon, K. R. Stehling. Pro- 
pulsion, Jerry Grey. Thermodynamics, R. A. 
Budenholzer and Alfred Ritter. Structures and 
Materials, P. E. Sandorff. Guidance and Control, 
P. A. Castruccio. Orbits, Samuel Herrick and 
R. M. L. Baker, Jr. Human Factors, K. J. K. 
Buettner. Accessories, R. L. Wehrli. Ground 
Support, Blanchard Cain. 


Special Issue: Space Weapons; A Handbook 
of Military Astronautics. Air Force, Mar., 1958, 
pp. 39, 40, 43-58, 109-123, 157-174. Partial 
Contents: By the End of the Century, James 
H. Doolittle. Air and Space Are Indivisible, 
Thomas D. White. The Space Frontier. Manin 
Space, William Leavitt. A Military Astronautics 
Glossary. A Bibliography of Space Literature, 
James F. Sunderman. 


Down-to-Earth Problems of Space Travel. 
T. R. F. Nonweiler. Aeronautics, Feb., 1958, pp. 
50, 51. Discussion of the re-entry problem and 
other associated problems. 
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Our Philosophy of Space Missions. K. A. 
Ehricke. Aero/Space Engrg., May, 1958, pp. 
38-43. Discussion of the psychological and social 
effects, together with the military and scientific 
potential of space travel. 

Over to Astronautics. J. E. Allen. The Aero- 
plane, Feb. 14, 1958, pp. 194-196. (Also in 
Flight, Feb. 21, 1958, pp. 236-238.) Abridged. 
Review of the transformation from aviation to 
astronautics. Includes some significant fore- 
casts of developments gradually beginning to 
emerge from current world-wide effort in guided- 
missile and earth-satellite technology. 

Ot Aerodinamicheskogo Poleta — k Kosmiches- 
komu. G. I. Pokrovskii. Vesinik Vozdushnogo 
Flota, Jan., 1958, pp. 53-58. In Russian, Anal- 
ysis of the relation between aerodynamic and 
cosmic flight, including the atmosphere and re- 
lated problems, space vehicles, as well as problems 
of conventional aviation. 

Irregularities in the Earth’s Rotation. I, II. 
T. Gold. Sky & Telescope, Mar., Apr., 1958, pp. 
216-218; 284-286. Discussion of the factors 
causing the rotation irregularities called the mo- 
tion of precession and nutation. 


Solar Sailing—A Practical Method of Propul- 
sion Within the Solar System. R. L. Garwin. 
Jet Propulsion, Mar., 1958, pp. 188-190. Dis- 
cussion showing that commercially available 
metallized plastic film can be used as a solar radia- 
tion pressure sail for propulsion of space vehicles 
within the solar system. 


Space Cabin Design. Alfred M. Mayo. (AAS 
Natl. Meeting, New York, Jan. 31,1958.) Douglas 
Tech. Paper 555, 1958. 12 pp. Discussion of 
the range of requirements for adequate cabin de- 
sign in terms of the operator’s capabilities and 
limitations. 


How Microlock Works. Astronautics, Mar., 
1958, pp. 25, 41,42. Description of the transmit- 
ter-receiver system used in the Explorer, employ- 
ing two transmitters in eight telemetering chan- 
nels. 


Cyclops Cores Simplify Earth-Satellite Circuits. 
Whitney Matthews, R. W. Rochelle, C. B. House, 
R. L. Van Allen, D. H. Schaefer, and J. C. Schaf- 
fert. Electronics, Feb. 28, 1958, pp. 56-63. 
Discussion of the Lyman-alpha environmental 
satellite of Vanguard, with emphasis on the te- 
lemeter encoder, memory, and meteor counter. 


Development of Jet & Rocket Techniques in 
the USSR. V. A. Semyonov. Indian Airman, 
Oct., 1957, pp. 7, 8. Discussion of Tsiolkovsky’s 
predictions and the realization of his ideas con- 
cerning the conquest of outer space. 


Gli ‘‘Sputnik’’ I e II e I Missili Intercontinen- 
tali. Glauco Partel. Riv. Aero., Dec., 1957, 
pp. 1,515-1,526. In Italian. Discussion cover- 
ing the development of intercontinental missiles 
and details of the Soviet Sputnik I and II satel- 
lites. 


Vtoroi Sovetskii Iskusstvennyi Sputnik Zemli. 
Radio, Dec., 1957, pp. 24-29. In Russian. De- 
scription of the second Soviet satellite, covering 
the orbit and its evolution, observation of artifi- 
cial earth satellites, design of the second satellite, 
scientific data on the short-wave solar radiation, 
cosmic radiation, and study of biological phe- 
nomena in the environment of cosmic flight. 


O Tochnom Opredelenii Skorosti Sputnika. 
S. Khaikin. Radio, Dec., 1957, pp. 5-7. In 
Russian. Discussion of methods for measuring 
the orbital velocity of artificial satellites. 


Tracking the Vanguard. Ordnance, Jan.-Feb., 
1958, pp. 643-645. Description of equipment to 
monitor the satellite. 


Tracking the Red Moons; Radio Observations 
of the Russian Earth Satellites at the Mullard 
Radio Astronomy Observatory, Cambridge. G. 
ee The Aeroplane, Feb. 7, 1958, pp. 
178, 179. 


Structures 


An Approximate Method of Estimating the 
Effect of Elastic Deformability of the Aircraft 
Structure on the Manoeuvre Point. I—The 
Effect of Wing Deformability. II—The Effect of 
Deformability of the Fuselage and of an Unswept 
Tailplane. Appendix I—An Approximate Strip 
Method for Estimating the Aerodynamic Effects 
of Elastic Wash-Out. Appendix II—The Calcula- 
tion ef Elastic Wash-Out for Swept-Back Wings 
with Bending Effect Large in Relation to Torsion 
Effect. Appendix II1I—Numerical Example of 
the Effect of Elastic Wash-Out: Summary of 
Comparative Calculations | Two Methods. 
Appendix IV—Approximate Estimation of the 
Ultimate Tail Load Pry Required in the Calcula- 
tion of the Deformability Coefficients Wa, etc. 
Appendix V—The Downwash Field to the ‘‘Wash- 
Out Without Lift’’ Distribution of a Deformable 
Wing, and Its Effect on Fuselage and Tailplane 
Contributions to Manoeuvre-Point Shift. H. 
Fingado and A.S. Taylor. Gt. Brit., ARC R&M 
3019 (Mar., 1950) 1957. 11l pp. 18refs. BIS, 
New York, $5.76. 


Torsion and Flexure of Slender Solid Sections. 
W. J. Carter. (ASME Fall Meeting, Hartford, 
Sept. 23-25, 1957, Paper 57-F-4.) J. Appl. 
Mech., Mar., 1958, pp. 115-121. Solutions of 
both the torsional and flexural shear problem for 
slender sections having a variety of shapes. 
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THE 

ELEMENT 

OF 
FREEDOM 


| and the System-Oriented Engineer 
| 


Freedom is doing what you like. Some system-oriented engineers 
like best to match their wits and skills against difficult problems. 
This characteristic or (idiosyncrasy) of liking complicated tech- 
nical problems is one of the chief qualifications of the engineer 
we need. He will be required to study the multitude of interactions 
possible among advanced aircraft, missiles, and electronic devices 
with each other and with human elements in the nation’s most 

: extensive man-machine-computer system. 
| qualify, substantial experience with air-to-air or ground- 
to-air missiles systems is required together with demonstrated 
aptitude in the field of system planning. Write for more informa- 
tion or call collect. Address: R. W. Frost, System Development 
Corporation, 2426 Colorado Ave., Santa Monica, California, 

EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


An independent nonprofit organization, formerly a division of the Rand Corporation 
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The Method of Propagating Unbalanced Joint 
Moments for Analyzing Continuous Frames. 
Tsai Fang-Yin. Scientia Sinica, Aug., 1957, 
pp. 733-755. l5refs. Illustration of the method 
by several typical numerical examples. 


Bars & Rods 


K Prodol’nomu Izgibu Sterzhnia za Predelom, 
Proportsional’nosti. I. S. Maliutin. AN SSSR 
Otd. Tekh. Nauk Izv., Dec., 1957, pp. 43-46. 
15 refs. In Russian. Derivation of equations 
describing the behavior of a rod clamped longi 
tudinally beyond the limit of proportionality, 
using an approximate method of solution. 


Ob Osnovnykh Uravneniiakh Teorii Tonko- 
stennykh Sterzhnei s Otkrytym Profilem v Pre- 
delakh i za Predalami Uprugosti. Khuan Ke 
Chzhi. AN SSSR Otd. Tekh. Nauk Izv., Nov. 
1957, pp. 122-136. In Russian. Analysis of th= 
theory of thin rods based on the fundamental 
equations of the shell theory and using the method 
of comparison for the order of values. 


Beams & Columns 


Creep Deflections ont Stresses of Beam- 
Columns. T.H.Lin. (ASME Annual Meeting, 
New York, Dec. 1-6, 1957 Paper 57—A-3.) 
Appl. Mech., Mar., 1958, pp. 75-78. 18 refs. 
Solution of the differential equation of equilib- 
rium in terms of creep strain by the method of 
integrating operators with Green’s function. 

The Bending of Pretwisted Thin-Walled Beams 
of Symmetric Star-Shaped Cross Sections. L. 
Maunder. (ASME Annual Meeting, New York, 
Dec. 1-6, 1957, Paper 57—A-84.) J. Appl 
Mech., Mar., 1958, pp. 67-74. 10 refs. USAF- 
supported approximate analysis based on energy 
methods and taking into account the effect of in- 
teractions between pretwist and distortions. 


Connections 


The Influence on the Stress Distribution in an 
Adhesive Lap Joint of Bending of the Adhering 
Sheets. A.S. McLaren and I. MacInnes. Brit. 
J. Appl. Phys., Feb., 1958, pp. 72-77. Photo- 
elastic study of Goland’s and Reissner’s mathe- 
matical analysis of the effect of deformation due 
to load and extension to a wider range of such 
deformations. 


Cylinders & Shells 
Oo Zadachakh Teorii Tonkikh 
Obolochek . F. Chernykh. AN SSSR Dokl., 


Dec. 21, 1957" pp 949-951. In Russian. Dis- 
cussion of the conjugate problems in the theory 
of thin shells, and application of the theory of 
elasticity. 


Uravneniia Teorii Obolochek v Peremeshche- 
niiakh i Funktsiiakh Napriazhenii. A. L. Gol’- 
denveizer. Prikl. Mat. i Mekh., Nov.-Dec., 
1957, pp. 801-814. In Russian. Derivation of 
equations in the theory of shells in terms of dis- 
placements and stress functions. 


Axially Symmetric Motions of Thick Cylindrical 
Shells. I. Mirsky and G. Herrmann. (Columbia 
U. Inst. Flight Struc. TN 2, Nov., 1955.) J. 
Appl. Mech., Mar., 1958, pp. 97-102. 10 refs. 
OSR-supported investigation. 


Minimum Axial Phase Velocity in Shells. P. 
W. Smith, Jr. ASA J., Feb., 1958, pp. 140, 141. 
Presentation of an approximate expression for the 
frequency of the point of minimum velocity in a 
cylindrical shell which is more accurate for higher 
values of the order m. This and earlier approxi- 
mations are compared with the theory of Mirsky 
and Herrmann. 


Uprugo-Plasticheskie Deformatsii Ortotrop- 
nykh Tsilindricheskikh Obolochek. I. S. Tsur- 
kov. AN SSSR Otd. Tekh. Nauk Is2v., Dec., 
1957, pp. 50-53. In Russian. Derivation of a 
system of differential equations for the elasto- 
— deformation of orthotropic cylindrical 
shells. 


The Buckling of Thin Cylindrical Shells Under 
Axial Compression. Masatsugu Kuranishi and 
Jun’etsu Niisawa. Nihon U., Res. Inst. Tech. J., 
Sept., 1957, pp. 1-15. In Japanese. Analysis of 
the classical problem of buckling in cylindrical 
shells in order to explain the inadequacy of pre- 
vious analyses. A new pattern for the deforma- 
tion is assumed, and the buckling load is calcu- 
lated by the energy method. 


Ustoichivost’ Ravnovesiia Gelikoidal’noi Obo- 
lochki. N. A. Alumiae. Prikl. Mat. i Mekh., 
Nov.-Dec., 1957, pp. 823-826. In Russian. 
Determination of the critical load and the state 
of stress of a helical shell using the asymptotic 
method of integration. 

Chisto-Plasticheskaia Poteria Ustoichivosti 
Tonkikh Obolochek. E. I. Grigoliuk. Prikl. 
Mat. i Mekh., Nov.-Dec., 1957, pp. 846-849. In 
Russiar. Investigation of the stability of a 
spherical, cylindrical, and conical shell beyond 
the elasticity limit, using Prandtl-Reuss flow 
equations as well as the assumptions on the purely 
plastic state in the case of a stability loss. 


Ustoichivost’ Tsilindricheskoi Obolochki pri 
Odnovremennom Deistvii Krutiashchikh Momen- 
tov i Normal’nogo Davieniia. V.M. Darevskii. 


(Continued on page 119) 
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States Air Force. 
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MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 3, Number 6 


ACOUSTICS, SOUND, NOISE 


WALL PRESSURE FLUCTUATIONS IN A TUR- 
BULENT BOUNDARY LAYER. Appendix A - A 
DESCRIPTION OF THE LOW-NOISE- AND LOW- 
TURBULENCE-LEVEL FACILITY. Appendix B - 
BARIUM TITANATE TRANSDUCER DESIGN AND 
TECHNIQUES. Appendix C - PREAMPLIFIER 
DESIGN. Appendix D - CALIBRATION OF THE 
TRANSDUCER. W. W. Willmarth. US, NACA 
TN 4139, Mar., 1958. 39 pp. 12 refs. Development 
of a low-noise and low-turbulence-level wind tun- 
nel and of a flush-mounted barium titanate trans- 
ducer to measure the wall pressure fluctuations in 
a turbulent boundary layer. Results indicate that, 
up to a Mach Number of 0.43, the wall pressure 
fluctuations are much larger than any sound gen- 
erated by turbulence in the boundary layer without 
motion of the wall. The spectrum of the wall pres- 
sure extends to 50 kc. and the ratio of the root- 
mean-square wall pressure to the free-stream 
dynamic pressure is a constant over a wide range 
of Mach and Numbers (0.2<M<0.8 and 
1.5<Re< 20 x 106 J. 


EFFECT OF JET TEMPERATURE ON JET- 
NOISE GENERATION. V. G. Rollin. US, NACA 
TN 4217, Mar., 1958. 13 pp. 12 refs. Experi- 
mental investigation made at jet pressures from 
1.3 to 1.9 and temperatures from 80° to LOO0°OF. 
Results show that sound power can be adequately 
predicted by the Lighthill parameter based on am- 
bient temperature over the range of temperatures 
investigated. The dimensionless frequency spectra 
of the jet is shown to be affected by temperature; 
increasing jet temperature resulted in a shift of 
acoustic energy from high to low Strouhal Numbers. 
Shifts in the jet spectra are explained on the basis 
of the effect of temperature on the spreading char- 
acteristics of the jet, and a method of correcting 
the spectra for jet temperature is presented. 
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AERODYNAMICS 


Aerothermodynamics 


APPROXIMATIONS FOR THE THERMODYNAM- 
IC AND TRANSPORT PROPERTIES OF HIGH-TEM- 
PERATURE AIR. C.F.Hansen. US, NACATN 4150, 
Mar.,1958. 67pp. 33 refs. Derivation of approxi- 
mate expressions for the properties of air over the 
range of temperatures and pressures encountered by 
vehicles traversing the atmosphere at speeds up to 
escape velocity. Compressibility, energy, enthalpy, 
entropy, specific heat at constant pressure and at 
constant density, speed of sound, viscosity, ther- 
mal conductivity, and the Prandtl Number are e- 
valuated for equilibrium conditions. The results 
presented are useful engineering approximations 
for the properties of high-temperature air. The 
air properties can be computed in very small in- 
tervals to give tables that can be used in obtaining 
solutions to real air flow by the method of charac- 
teristics. The prediction that the Prandtl Number 
for highly ionized flow will be small compared to 
unity implies that boundary-layer regions in such 
a gas will be very transparent to heat flux. — 


THE LAMINAR FREE-CONVECTIVE HEAT 
TRANSFER FROM THE OUTER SURFACE OF A 
VERTICAL CIRCULAR CYLINDER. Knox Mill- 
saps and Karl Pohlhausen. (Appl. Mech. 9th 
Internatl. Congr., Brussels, Sept. 5-13, 1956.) 
J. Aero. Sci., June, 1958, pp. 357-360. Applica- 
tion of a similarity transformation to the solution 
of heat transfer on a vertical cylinder in which 
the transformation reduces the partial differential 
equations of momentum and energy to two ordinary 
differential equations. The exact solutions to the 
ordinary equations are obtained by numerical meth- 
ods for parametric values of the Grashof and 
Prandtl Numbers. A comparison is given between 
exact solutions and the approximatians which are ob- 
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tained by the von Karman momentum method using a 
parabolic assumption for the thermal profile. 


HEAT TRANSFER MEASUREMENTS ON A 
FLAT PLATE MODEL AT MACH NUMBER 5.0. 
J. L. Harkness. Texas U., DRL Rep. 423 (AFOSR 
TN 58-74) [AD 148118], Jan. 8, 1958. 55 pp. 16 
refs. Investigation in which the internal surface 
of the model is cooled and the heat transfer rate 
is determined by measuring the temperature drop 
across the model,once temperature stabilizationis 
achieved. Data are presented both in tabular form 
and in plots for comparison with existing theories. 
Some laminar data are obtained, but in most cases 
the flow over the model is largely turbulent. It is 
concluded that the turbulent theory of Van Driest 
is at least 15% below the true values. 


Boundary Layer 


ZAHLENTAFELN UNIVERSELLER FUNK- 
TIONEN ZUR NEUEN REIHE FUR DIE BERECH- 
NUNG LAMINARER GRENZSCHICHTEN. 


H. Gértler. DVL Bericht No. 34, Dec., 1957. 
96 pp. 64 refs. Westdeutscher Verlag, Kéln & 
Opladen. In German. Presentation of data intab- 


ular form for the calculation of plane, stationary, 
laminar boundary-layer flows in compressible 
liquids. The developed method is based on an ex- 
act solution of the general boundary-layer problem 
and the solution is represented by an infinite series 
which allows basically anarbitrary accuracy. Used 
in the calculation are previously obtained appro- 
priate dependent and independent variables. Ta- 
bles include universal functions for profiles with 
sharp leading edges, for symmetrical profiles 
with rounded noses, additional universal functions 
for lateral velocity components in the case of ob- 
lique flow on symmetrical cylinders with rounded 
noses, as well as for general profiles with rounded 
noses. 


CIRCULATION CONTROL RESEARCH WIND- 
TUNNEL TESTS OF A POWERED, BLOWING- 
TYPE, CIRCULATION CONTROL RESEARCH 
AIRPLANE MODEL. II - EFFECTS OF POWER 
ON THE AERODYNAMIC CHARACTERISTICS OF 
A CIRCULATION CONTROL RESEARCH MODEL. 
J. L. Stalter and R. K. Wattson, Jr. U. Wichita, 
Dept. Eng. Res. Rep. 187-2, Mar., 1957. 55 pp. 
ONR-supported investigation to determine the ef- 
fects of propeller operation on lift, drag, and 
pitching moment curves. Propellers were operat- 
ed singly and in combination to isolate the effect 
of direction of rotation, interaction between pro- 
pellers, and asymmetric power. Circulation con- 
trol air quantities were chosen so as to produce 
unseparated flow over the portions of the flap 
within the slipstream at flap deflections up to 60°. 


CIRCULATION CONTROL RESEARCH, WIND- 
TUNNEL TESTS OF A POWERED, BLOWING- 
TYPE, CIRCULATION CONTROL RESEARCH 
.AIRPLANE MODEL. Il - EFFECTS OF A BLOW- 
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ING-TYPE CIRCULATION CONTROL SYSTEM 
ON CONTROL SURFACE CHARACTERISTICS. 
J.L. Stalter. U. Wichita, Dept. Eng. Res. Rep.187-3, 
May, 1957. 42 pp. ONR-supported experimental 
investigation in which circulation control was ap- 
plied to two tail control surfaces in conjunction 
with deflected flaps blowing aileron tests. Addi- 
tional tests were made with blowing over only the 
flap span. Results of the aileron run are present- 
ed as plots of rolling moment, yawing moment, 
aileron hinge moment, and side-force coefficients 
versus the lift coefficient. Plots of rolling mo- 
ment, yawing moment, rudder-hinge moment, and 
side force coefficients versus angles of yaw are 
presented for rudder effectiveness runs. Although 
the horizontal tail data are presented as isolated ef- 
fects, they were determined with the tail on the 
model. 


CIRCULATION CONTROL RESEARCH, WIND- 
TUNNEL TESTS OF A POWERED, BLOWING- 
TYPE, CIRCULATION CONTROL RESEARCH 
AIRPLANE MODEL. IV - EFFECTS OF WING 
CIRCULATION CONTROL AND POWER ON FLOW 
CHARACTERISTICS IN THE REGION OF THE 
TAIL SURFACES. J. L. Stalter. U. Wichita, 
Dept. Eng. Res. Rep. 187-4, Apr., 1957. 47 pp. 
ONR-supported investigation of the effects of cir- 
culation control and power on flow angle and dy- 
namic pressure. Total pressures are measuredin 
the vicinity of the horizontal tail location with a 
direction-sensitive rake at three flap and blowing 
conditions, with and without power. Results are 
presented in the form of vector plots of the ratio 
of local dynamic pressure to free stream dynamic 
pressure. Flow angles, model angles of attack, 
and lift coefficients are also tabulated for each 
test point. 


CIRCULATION CONTROL RESEARCH, WIND- 
TUNNEL TESTS OF A POWERED, BLOWING- 
TYPE, CIRCULATION CONTROL RESEARCH 
AIRPLANE MODEL. V - FLOW VISUALIZATION 
STUDIES WITH POWER AND WING CIRCULATION 
CONTROL. J. L. Stalter and R. K. Wattson, Jr. 
U. Wichita, Dept. Eng. Res. Rep. 187-5, Feb., 
1957. 60 pp. ONR-supported investigation to de- 
termine visually the characteristics of the airflow 
pattern in the region about a circulation control 
model. Tuft studies are made on the model in the 
wing-alone, wing-body, wing-body-nacelles, and 
power-on configurations, using several combina- 
tions of propellers. Tuft-grid studies are made 
utilizing a grid covering practically the entire 
model throat located just behind the tail of the 
model. Wing-body-nacelle configuration is used 
with and without power and aileron droop. Results 
are presented in the form of tuft and tuft grid pic- 
tures. 


OSCILLATING SHOCK BOUNDARY-LAYER 
INTERACTION. Leon Trilling. J. Aero. Sci., 
May, 1958, pp. 301-304. USAF-supported exami- 
nation of the flow pattern resulting from small 
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harmonic oscillations of the shock wave, both in 
strength and position. They both modify the shape 
of the separated boundary layer which acts as a 
perfectly flexible membrane. Any distortion of 
this membrane induces pressure disturbances in 
the potential flow which affect the motion and 
strength of the shock. A simplified model of the 
oscillating perturbation is constructed. It is con- 
cluded that for any local Mach Number above 1.5 
and for any Reynolds Number there is a combina- 
tion of frequency and shock strength for which shock 
oscillations are neutrally stable. Normal shocks 
reach the stability threshold when the local Mach 
Number is between 1.57 and 1.65. Mechanism 
involving a turbulent boundary layer may contrib- 
ute to the initiation of transonic buzz and buffeting. 


SKIN-FRICTION MEASUREMENTS IN INCOM- 
PRESSIBLE FLOW. D. W. Smith and J. H. Walk- 
er. US, NACA TN 4231, Mar., 1958. 67 pp. 12 
refs. Measurement of the local surface-shear 
stress and of the average skin-friction coefficient 
for a turbulent boundary layer on a smooth, flat 
plate having zero pressure gradient. A floating- 
element skin-friction balance and a calibrated to- 
tal head tube located on the surface of thé test 
wall were used as measuring devices. An evalu- 
ation of Preston's method involving the use of a 
single surface tube to determine Iocal surface- 


‘shea? stress was made and showed the method to 


be accurate and inexpensive. Measured local skin 
friction coefficients and boundary-layer velocity 
profiles are presented in tabular form. Results 
indicate that the "universal skin-friction constants" 
approach asymptotically a constant value at Reyn- 
olds Numbers exceeding 21 million. For Reynolds 
Numbers from 14 million to 45 million the mo- 
mentum method and the integrated measured local 
surface shear give about the same result. 


Flow of Fluids 


SOME GENERALIZATIONS IN STEADY ONE- 
DIMENSIONAL GAS DYNAMICS. J. A. Shercliff. 
J. Fluid Mech., Mar., 1958, pp. 645-657. Study 
of six processes in which the four gas dynamical 
quantities (entropy, stagnation enthalpy, mass 
flow per unit area, and impulse per unit area) are 
kept constant for the case of any single phase fluid 
or mixture of fluids in equilibrium. The reversi- 
ble adiabatic nozzle process with area change, the 
Rayleigh process, and the Fanno process are all 
examined. It is shown that the remaining variables 
are stationary at points where the fluid equals 
Newton's sound velocity. 


ANALYSIS OF TWO FLOW FIELDS IN NON- 
DISSIPATIVE INTERACTION. Vural Oskay. Rensse- 
laer Polytech. Inst. Dept. Aero. Eng. TR AE57I11, 

Jan., 1958. 42 pp. 15 refs. USAF -sponsored develop- 
ment of two methods of analysis for the study of 
the interaction of two nonviscous, incompressible 
fluids in an energy exchange mechanism proposed 
by Foa. The shapes of the interfaces are arbi- 
trarily chosen, and the resulting radial changes of 
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the angular momentum of the flow systems are 

calculated. The correct solution is the one which 
gives an angular momentum which is zero at all 5 e 
stations if no torque is applied to the rotor. In ot 
both cases of solution the streamlines are assumed 
to be logarithmic spirals and the momentum equa- 
tion is used only to test the validity of this as- ke 
sumption. 


NOTE ON THE CONVERGENCE OF NUMERI- 


CAL SOLUTIONS OF THE NAVIER-STOKES E- 
QUATIONS. A. Thom andC. J. Apelt. Gt. Brit., a 
ARC R&M 3061, 1958. 7 pp. BIS, New York, Soe 


$0.63. Presentation of a criterion for the Navier- e 
Stokes equations in two dimensions under steady ; 
conditions. It is shown that if the local 'mesh 
Reynolds Number," based on the size of the mesh 
used in the solution, exceeds a certain fixedvalue, 
the numerical solution will not converge. 


THE DISSOCIATION OF A PURE DIATOMIC | 
GAS BEHIND A STRONG NORMAL SHOCK WAVE. 
Gianni Jarre. Torino Polytech. Appl. Mec. Lab. 
TN 3 (AFOSR TN 58-7) [AD 148046], Nov., 1957. 
17 pp. Analysis covering the effects of heat and 
compression on the dissociation rate behind the 
shock and on the space constant of relaxation < 
(L). A simplified model of either the dissociating 
gas or the shock wave is employed. The results ; 
indicate that the discontinuous transition through 
the shock is controlled by the upstream Mach 
Number Mo, and the continuous relaxation behind 
the shock by the heating-effect T)/0 and the com- 
pression-effect p)/m. The asymptotic value of the 
space-constant of relaxation is determined by the 
compression-effect. 


ON THE NON-EXISTENCE OF CONTINUOUS 
TRANSONIC FLOWS PAST PROFILES. Ill. C.S. 
Morawetz. Commun. on Pure & Appl. Math., 
Feb., 1958, pp. 129-144. OOR-sponsored formu- 
lation of the boundary value problem for the veloc- 
ity potential and the stream function along with per- 
turbation problem for changing the speed at infinity. 
Two boundary value problems for the flow and for 
its perturbation are formulated in the hodograph 
plane. An arbitrary function, sound speed as a 
function of flow speed, occurs in the boundary val- 
ue problem. The construction of a set of smooth 
flows is shown for each function c(q), each corre- 
sponding to a different profile but all having the 
same speed at infinity. It is shown that to at most 
one of these smooth flows there is a corresponding 
solution of the perturbation problem for the speed 
at infinity. Simple cases of the uniqueness theo- 
rem are established, and an exceptional case is 
treated separately. 


SHEAR FLOW PAST A CIRCULAR CYLINDER 
IN AN INCOMPRESSIBLE FLUID OF SMALL VIS- 
COSITY. Appendix A - SOLUTION OF THE DIS- 
TURBANCE STREAM FUNCTION. Appendix B - 
A SUMMARY OF THE SYSTEMS OF COORDINATES 
USED IN THE PRESENT INVESTIGATION. Robert 
Duffy and T. Y. Li. Rensselaer Polytech. Inst. 
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Dept. Aero. Eng. TR AE5707(AFOSR TN 57-715) 


Polytec. Appl. Mech. Lab. TN 5 (AFOSR TN 58- 


[AD 136708], Oct. 15, 1957. 29 pp. Study of the 
boundary-layer characteristics about a circular 
cylinder in an incompressible fluid stream of 
symmetrical velocity distribution. Boundary-layer 
results are expressed in the form of an infinite 
series expansion in terms of the free stream ve- 
locity distribution and the distances normal to and 
along the body surfaces. Preliminary results in- 
dicate that small free-stream vorticity acts ina 
manner similar to induced pressure gradients 
along the body surface, and, as such, has pro- 
nounced effects on boundary layer separation, 
boundary layer growth, and shear stress. 


PRELIMINARY INVESTIGATIONS OF SPIKED 
BODIES AT HYPERSONIC SPEEDS. S. M. Bog- 
donoff andI. E. Vas. Princeton U. Dept. Aero. Eng. 
Rep. 412(USAF WADC TN 58-7) [AD 142280], Mar., 
1958. 28 pp. 2l refs. Study made at Mach Num- 
ber 14 to determine the effect of varying spike 
lengths for flat-faced and hemispherically-nosed 
axially symmetric bodies. Detailed pressure dis- 
tributions are obtained as well as heat transfer 
rates. Results show that the use of a spike protruding 
from a hemispherical-nosed cylinder decreased 
the pressure level by an order of magnitude and 
the heat transfer to a fraction of that measured on 
a hemisphere without a spike. 


THE CALCULATION OF THE INVISCID FLOW 
BETWEEN A DETACHED BOW WAVE AND A 
BODY. K. W. Mangler and M. E. Evans. Gt. 
Brit., RAE TN Aero. 2536, Oct., 1957. 37 pp. 13 
refs. Presentation of numerical method ofanaly- 
sis starting from an assumed shock shape. The 
region of the flow between the shock and the body, 
including the subsonic part,is obtained by a step- 
by-step process, and the shape of the body produc- 
ing the shock is calculated. The remainder of the 
supersonic part is calculated by the method of char- 
acteristics for which the body shape can be pre- 
scribed. Results are obtained for two-dimensional 
flow past a circular cylinder at a Mach Number of 
seven. It is shown that the expansion from the stag- 
nation point around the forward facing portion is 
far less rapid than anticipated by the so-called 
Newtonian theory. Agreement of the calculated 
pressure distribution with experiment is good. 


COMPARISON OF WIND TUNNEL AND FREE- 
FLIGHT TEST RESULTS; AGARD CALIBRATION 
MODEL A. C. J. Schueler. (Supersonic Tunnel 
Assoc. 7th Semi-Annual Meeting, Huntsville, Apr., 
1957.) USAF AEDC TN 58-2 [AD 152042], Mar., 
1958. 18 pp. 16 refs. Comparison of wind-tunnel 
and free-flight drag for a range of Mach Numbers 
from 2.0 to 4.0. Results emphasize the impor- 
tance of boundary-layer transition,especially as 
influenced by the heating and cooling of the bound- 
ary layer. 


_ AERODYNAMIC FIELD NEAR THE BLUNT 
LEADING EDGE OF A SYMMETRICAL AIRFOIL 
IN HYPERSONIC FLOW. Aldo Muggia. Torino 


. 
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213) [AD 154114], Jan., 1958. 19 pp. Two-dimen- 
sional study of the aerodynamic field, considering 
only the limit case where the Mach Number Moeoof 
the undisturbed flow ise. The effect of viscosity 
in the determination of the temperature distribu- 
tion is taken into account. A method for calculat- 
ing the pressure distribution and the velocity along 
the wall, near the leading edge, is illustrated. 
The results of some numerical calculations are 
given, showing the sonic points on the shock line 
and on the wall. 


AEROTHERMOCHEMISTRY. Gregorio Millan. 
Inst. Nac. Tec. Aero. Esteban Terradas (EOARDC 
TR 58-27) [AD 152202], Jan., 1958. 575 pp. 235 


refs. Compilation of a series of lectures given by 
von Karman to acquaint aeronautical engineers with 
the phenomenon of combustion occuring in flowing 
media. A systematic treatment is presented for 
the thermodynamics of gas mixtures, the theory 
of chemical equilibrium, the elements of chemical 
kinetics, and the theory of transfer phenomena in 
gases and gas mixtures. Analyses are made of 
problems in flame stabilization, combustion of 
liquid droplets, and diffusion flames. 


PLASMA PHYSICS AND HYPERSONIC FLIGHT. 
J. W. Bond, Jr. Jet Propulsion, Apr., 1958, pp. 
228-235. ll refs. Review of some of the effects 
that the presence of free electrons in ahypersonic 
shock layer has on both aerodynamic and physical 
quantities. Shock front structure and boundary 
structure are discussed with emphasis on electron 
distribution. The Boltzmann equation is applied 
to the calculation of the microwave transmission, 
and the relationship tothe electron scattering cross 
section and the electron velocity distribution func - 
tion are discussed. 


PRANDTL-MEYER EXPANSION OF CHEMI- 
CALLY REACTING GASES IN LOCAL CHEMICAL 
AND THERMODYNAMIC EQUILIBRIUM. Appen- 
dix - THE DENSITY AT VERY SMALL ANGLES. 
S. P. Heims. US, NACA TN 4230, Mar., 1958. 
17 pp. Calculations of the Prandtl-Meyer flow in 
which chemical reactions are occurring and are 
in equilibrium. The property of air which governs 
the flow is found to be a quantity which depends 
only on the ratio of enthalpy to the square of the speed 
of sound; the analogous quantity for an inert gas 
depends only on the ratio of specific heats. The 
maximum angle through which the flow may turn 
is generally larger when chemical reactions are 
occurring than it is in nonreacting air. A numer- 
ical example shows that the pressure variation 
with angle, as well as temperature and Mach Nunr 
ber variations, may be considerably affected by 
the presence of the chemical reaction. 


THERMODYNAMICS OF ELECTRICALLY 
CONDUCTING FLUIDS AND ITS APPLICATION 
TO MAGNETOHYDROMECHANICS. Boa-Teh 
Chu. Brown U., Div. Eng., USAF WADC TN 57- 
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350 [AD 142039], Dec., 1957. 32 pp. 12 refs. 


Derivation of a formula for the reversible work 
done on a fluid using the equations of motion and 
Minkowski's electromagnetic theory of a moving 
medium. The formula provides the basis for a 
complete study of the thermodynamics of a fluid 
medium under the action of both electromagnetic 
and mechanical changes. As an application, basic 
formulas which may be used to calculate the elec- 
trocaloric effect, the magnetocaloric effect, and 
electro- and magneto-striction effects are deduced, 
As a second application the energy equation of 
magnetohydromechanics is derived. 


THE SHOCK WAVE IN A NON-MONATOMIC 
FLUID. Phrixos Theodorides. U. Md. Inst. 
Fluid Dynamics & Appl. Math. TN BN-123 (AFOSR 
TN 58-156) [AD 152182], Feb., 1958. 20 pp. 30 
refs. Analysis of the structure of shock profiles 
using conservation equations of mass, momentum, 
and energy which are specialized for a uni-axial 
steady flow taken initially as supersonic under 
stratospheric conditions. Boundary conditions for 
normal shock of varied strength are calculated for 
variable enthalpy. The shock waves in molecular 


nitrogen are given in tabular form. A graphical 


representation of shock transition and of shock 
wave profiles in molecular nitrogen is made. Re- 
sults indicate that the temperature effects increase 
considerably the shock thickness in the velocity 
profile, and that a broadening of about 43% is added 
on account of bulk viscosity from ultrasonic meas- 
urements. 


ON THE MIXING THEORY OF CROCCO AND 
LEES AND ITS APPLICATION TO THE INTER- 
ACTION OF SHOCK WAVE AND LAMINAR 
BOUNDARY LAYER. II. Sin-I Cheng and I. D. 
Chang. Princeton U. Dept. Aero. Eng. Rep. 376 
(AFOSR TN 58-3) [AD 148042], Nov., 1957. 47pp. 
Analysis to determine the critical strength of the 
incident shock wave required to produce incipient 
separation of a laminar boundary layer over a flat 
plate for the range of Reynolds Numbers from 1 x 
105 to 15 x 10°, and for the range of free stream 
Mach Numbers from 1.5 to 4.0. Integration has 
been performed for 19 cases and a simple corre- 
lation of the results for the separation pressure 
ratio and the critical pressure ratio is obtained. 
Comparison with two sets of available experimen- 
tal data shows a general agreement, but no quan- 
titative conclusion can be affirmed until more ex- 
perimental information is obtained. 


THE INTERACTION OF SHOCK WAVES AND 
TURBULENT BOUNDARY LAYERS. A. G. Ham- 
mitt. J. Aero. Sci., June, 1958, pp. 345-356. 

30 refs. Analysis of experimental data on the in- 
teraction of shock waves with a turbulent boundary 
layer shows that the transport of mass and mo- 
mentum between the free stream and the boundary 
layer is small. Based on this experimental evi- 
dence and the characteristics of a turbulent bound- 
ary-layer, a theory is presented to predict the 
overall boundary-layer changes through an inter- 
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action. It is found that,for strong interactions 
where large separated regions exist, the possibili- 
ty of the different types of interactions which have 
been observed can be demonstrated by using the 
appropriate flow models and describing the bound- 
ary layer as a one-parameter family. For all 
configurations, the pressure ratio at which sepa- 
ration occurs can be correlated by a boundary- 
layer factor. 


ON UNSTEADY INTERACTION BETWEEN A 
WEAK THERMAL LAYER AND A STRONG PLANE 
OBLIQUE SHOCK. C. T. Chang. J. Aero. Sci., 
May, 1958, pp. 317-323. OSR-ONR-OOR sponsor- 
ed analysis assuming the shock to be located at 
the concave corner of the wall and considering the 
temperature disturbancé as a layer of hot air of 
constant strength. Under such a condition, mixed 
flow generally occurs in the region downstream of 
the shock -- namely, a hyperbolic region outside 
a sonic circle and an elliptic region inside the son- 
ic circle. The qualitative nature of the flow field 
downstream is predicted and a method for quanti- 
tative evaluation of the perturbed flow is formulated. 
Based on the concept of constant states, the flow 
in the supersonic region is determined by the 
method of characteristics; the flow in the subsonic 
region is determined by a procedure similar to 
that used by Lighthill for the diffraction of blast 
waves. The modulus occurring in the elliptic 
function is shown to be related to the shock strength 
and is very close to unity for fairly strong shocks. 


THE FLOW OF COMPRESSIBLE FLUID WITH 
WEAK ENTROPY CHANGES. Roy Gundersen. 
J. Fluid Mech., Mar., 1958, pp. 553-581. Anal- 
ysis in which explicit solutions are obtained for a 
basic flow which is uniform or a centered simple 
wave, and for an arbitrary simple wave if the per- 
turbed flow is isentropic. The perturbation of a 
uniform shock and perturbations in a shock tube 
lead to functional equations of a particular type, 
and a discussion of their solution is given. Asim- 
ilar analysis is used to discuss the flow in a tube 
of slowly varying cross-section. 


TRANSONIC FLOWS PAST SYMMETRICAL 
AIRFOILS WITH ATTACHED SHOCK WAVE 
(Me< 1). Silvio Nocilla. Torino Polytech. Appl. 
Mec. Lab. TN 4 (AFOSR TN 58-63) [AD 148106], 
Dec., 1957. 26 pp. 10 refs. Analysis of transon- 
ic flow based upon the fundamental hypothesis 
that the point in which the shock wave terminates 
lies within the supersonic region of the field. A 
qualitative study of the shock waves, and a deter- 
mination of the flow in a supersonic neighborhood 
of the point J, are made. The problem on the 
hodograph plane is treated theoretically. Results 


show that the type of shock is determined according 


to the general conditions through the shock. 


COMPILATION OF INFORMATION ON THE 
TRANSONIC ATTACHMENT OF FLOWS AT THE 
LEADING EDGES OF AIRFOILS. W. F. Lindsey 
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and E. J. Landrum. US, NACA TN 4204, Feb., 
1958. 63 pp. 2l refs. Presentation of schlieren photo- 
graphs of the two-dimensional flow at transonic 
speeds past 37 airfoils with variously shaped pro- 
files. The data for these airfoils are analyzed to pro- 
vide basic information on the flow changes involved 
and to determine factors affecting transonic-flow 
attachment. Results indicate that the flow attach- 
ment occars because local regions of supersonic 
flow on the upper surface decrease the upwash in 
front of the model,and because the forward exten- 
sion permits a supersonic type of expansion to 
occur around the leading edge. The attachment 
occurs abruptly or in an oscillatory manner when 
the leading edge is either too blunt or too sharp. 


STATISTICAL STUDIES ON THE TURBULENT 
STATE OF MOTION. II - CONTRIBUTIONS TO 
DYNAMICS. Hans Gebelein and Erik Svenson. USAF 
EOARDC TN 2(AFOSR TN 58-45) [AD 148085], Nov., 
1957. 3lpp.ll refs. Discussion on the relationship be- 
tween the statistical concept of turbulent motion 
and the classical hydrodynamic equations. A sys- 
tematical account on some dynamical facts of ho- 
mogeneous turbulence and shear turbulence is 
made. The conclusions drawn indicate that the 
tensor & results when a homogeneous field of 
turbulence and a mean flow with nonvanishing gra- 
dient are superimposed. There are two totally 
different causes for random walks of particles in 
a fluid, one takes place on the molecular scale, 
the other concerns the diffusive movements on 
molar scale which make up a turbulent motion. 


TURBULENCE IN NON-NEWTONIAN SYSTEMS, 
D. W. Dodge and A. B. Metzner. U. Del. Dept. 
Chem. Eng. Rep. (AFOSR TN 58-94) [AD 148143], 
Feb., 1958. 75 pp. 23 refs. Analysis for turbu- 
lent flow of non-Newtonian fluids through smooth 
round tubes which yields a new concept of the 
attending relationship between the pressure loss 
and mean flow rate. In addition,the analysis has 
permitted the prediction of non-Newtonian turbu- 
lent velocity profiles. Experimental data are ob- 
tained for polymeric gels and solid-liquid suspen- 
sions under turbulent flow conditions. The final 
resistance law correlation represents a generali- 
zation of von Karmdn's equation for Newtonian 
fluids in turbulent flow, and is applicable to all 
non-Newtonians for which the shear rate depends 
only on shear stress, irrespective of their rheo- 
logical classification. 


TWO-DIMENSIONAL PLANE MIXING OF HO- 
MOGENEOUS AND NON-HOMOGENEOUS STREAMS. 
L. G. Napolitano. Polytech. Inst. Bklyn., Dept. 
Aero. Eng. & Appl. Mech., PIBAL Rep. 400 
(AFOSR TN 57-756) [AD 136745], Nov., 1957. 48 
pp. 12 refs. Analysis of the results yielded by high- 
speed machine solutions for isobaric turbulent mix- 
ing of two semi-infinite streams. The fundamental 
equations governing the two-dimensional mixing 
of two semi-infinite streams are rederived, the 
pertinent formulas for the flow properties report- 
ed, and the results obtained from the analysis of 
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the numerical tabulated data discussed. An inves- 
tigation of the influence of the three parameters 
describing the nature and properties of the free 
streams on the characteristics of the interaction 


is made. An approximate method of solution of 

the subject flow fields is presented. Velocity and 
density profiles are illustrated graphically. Results 
indicate that the velocity profiles, in terms of the 
similarity variable, are substantially independent 
of the nature of the interacting gases, the free 
stream stagnation enthalpy ratio, and the Mach 
Number. 


ANALYTICAL AND EXPERIMENTAL INVES- 
TIGATION OF THE FEASIBILITY OF PRODUCING 
STATIC LIFT BY VORTEX MOTION. Hiller Heli- 
copters Adv. Res. Div., TSR 178 (AFOSR TR 58- 


16) [AD 148115], Jan. 14, 1958. 5l pp. 144 refs. 
Study which includes a survey ofthe literature and 
some experimental work, and results of arevised 
description of the fundamentals of cyclonic vortex 
motion. It is concluded that cyclonic vortices are 
formed between paired suction drains with counter- 
rotating circular flow around them, and that it 
should be possible to derive some lift from this 
arrangement, although magnitudes have not been 
determined. It does not appear to be feasible to 
induce a cyclonic vortex in air over a single drain 
which is unenclosed (completely open to the atmos- 
phere). There is also a possibility that half-ring 
vortices may be created by means of intermittent 
jets, and that the passage of the ends of a half-ring 
vortex across a surface might induce a pressure 
differential on that surface. 


Internal Flow 


THE THREE-DIMENSIONAL FLOW FIELD OF 
AN AXIAL COMPRESSOR BLADE ROW - SUB- 
SONIC, TRANSONIC, AND SUPERSONIC. Appen- 
dix I - PROPERTIES OF THE SINGULARITIES. 
Appendix Il - GREEN'S FUNCTION AND THE 
GENERAL SOLUTION; A STUDY OF THE TWO- 
DIMENSIONAL LIMIT. Appendix III - ON THREE- 
DIMENSIONAL COMPRESSIBLE FLOW THROUGH 
AN AXIAL COMPRESSOR. J. E. McCune. 
Cornell U., Grad. Sch. Aero. Eng. Rep. (AFOSR 
TN 58-72) [AD 148116, 148117], Feb., 1958. 259 pp. 
19 refs. Development of a linear small-perturba- 
tion theory for the description of the steady-state 
flow field around a compressor blade row by the 
superposition of cylindrical wave functions. The 
method is applicable to lifting as well as nonlift- 
ing configurations, but the present study has been 
limited to consideration of the nonlifting or thick- 
ness problem. The wave drag and pressure dis- 
tributions associated with a blade row having 
twisted blades of radially decreasing thickness-to- 
chord ratio and simple profiles are computed for 
several Mach Numbers, especially in the transonic 
regime. An acoustic resonance phenomenon ap- 
pears within the theory in the transonic or mixed 
flow case, and this is allowed for by including a 
small but finite viscous damping in the field. The 
numerical computations demonstrate a smooth 
transition within the linear theory from the subsonm 
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ic to the transonic regimes. A brief outline is 
included for the modifications necessary to handle 
the lifting case with distributed loadings. 


TESTS ON AN EXPERIMENTAL THREE- 
STAGE TURBINE FITTED WITH LOW REACTION 
BLADING OF UNCONVENTIONAL FORM. I. H. 
Johnston and G. E. Sansome. Gt. Brit., NGTE 
Rep. R.218, Jan., 1958. 36 pp. Description of a 
series of tests to determine the overall perform- 
ance characteristics of a three-stage turbine. 
Inter-blade row traverses have demonstrated the 
development of flow in a multi-stage turbine and 
have provided direct measurements of stator blade 
loss coefficients. Results show that for a multi- 
stage turbine there is a unique relation between 
turbine flare, efficiency,and pressure ratio which 
will satisfy the condition of constant mean axial 
velocity from inlet to outlet. A pressure ratio of 
approximately 0.37 corresponds to the condition 
of constant mean axial velocity. At pressure ratios 
below 0.37 the mean axial velocity decreases from 
stage to stage and the flow Reynolds Number falls. 
A drop in efficiency from 84% to 80% occurs as 
pressure ratio at optimum is reduced from 0.36 
to 0.70. The principal cause of loss in efficiency 
with decrease in pressure ratio is the mismatching 
which occurs between the stages. 


AN ANALYSIS OF THE ERROR INVOLVED IN 
UNROLLING THE FLOW FIELD IN TURBINE 
PROBLEMS. V. J. Rossow. ETH Inst. ftir Aero- 
dynamik, Mitteil. No. 23, 1957. 52 pp. 18 refs. 
Development of equations describing the potential 
flow in turbines and a discussion for the cases of 
the lifting line and source line. These equations 
are then expanded in a Taylor's series about a 
limiting case where the inner and outer boundary 
approach the same diameter. The expanded equa- 
tions then describe the error involved in unrolling 
the flow field for all other cases. 


INVESTIGATION ON THE EFFECTS OF LO- 
CAL ENERGIZATION OF THE BOUNDARY LAYER 
IN CURVED DIFFUSERS. R. C. Binder. USAF 
WADC TR 28-23 [AD 150995], Jan., 1958. 28 pp. 
Experimental study of transonic flow in a curved 
diffuser with and without a vortex generator. A 
vortex generator is introduced in order to delay 
the point of flow separation. Static pressure dis- 
tributions and pressure coefficients are illustrated 
Results indicate that this vortex generator effec - 
tively increases the pressure coefficient, especial- 
ly in the high Mach Number range, and delays sep- 
aration. 


VERSUCHE AN EINEM FERTIGUNGSGUNSTI- 
GEN MEHRSTOSSDIFFUSOR BEI UBERSCHALL- 
GESCHWINDIGKEIT. W. Trommsdorff. DVL 
Bericht No. 44, Sept., 1957. 48 pp. Westdeut- 
scher Verlag, KSln & Opladen. InGerman. Experi- 
mental investigation of the performance and major 
pressure-recovery requirements of supersonic 
diffusors at Mach Numbers of 1.94 and 2.21. De- 
scription of wind-tunnel tests for determining the 
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effect of inlet angle, external geometry, andangle 
of attack. A model with plexiglas shroud is used 
and schlieren and photographic techniques are ap- 
plied for studying the shock wave and the boundary- 
layer separation. Also presented are the stability 
limits for the types of models tested and the ob- 
served onset of diffuser "buzz." 


ETUDE EXPERIMENTALE DE L'ECOULE- 
MENT TURBULENT DANS UN DIVERGENT BI- 
DIMENSIONNEL PARCOURU PAR DE L'AIR. 
J.-P. Milliat. France, Min. de l'Air PST 335, 
1957. 134 pp. 78 refs. SDIT, 2, Av. Porte-d'Issy, 
Paris 15, Frs. 2,000. In French. Experimental 
investigation of the turbulent flow in a two-dimen- 
sional divergent section with a total angle of 2°, 
4°, and 6°. Includes description of the test instal- 
lation and instrumentation; measurements of mean 
velocities and velocity fluctuations by means of a 
hot-wire anemometer) study of the characteristics 
of the equilibrium regime as function of the diver- 
gence angle; and representation of spectral func- 
tions in nondimensional coordinates. 


I - MEASUREMENTS OF THE VELOCITY DIS- 
TRIBUTION IN A PLANE TURBULENT JET OF 
AIR. II - MEASUREMENTS OF THE DISTRIBU- 
TION OF HEAT AND MATTER IN A PLANE TUR- 
BULENT JET OF AIR. Ill - MEASUREMENTS 
OF TURBULENCE IN A PLANE JET OF AIR BY 
THE DIFFUSION METHOD AND BY THE HOT- 
WIRE METHOD. B. G. van der Hegge Zijnen. 
Appl. Sci. Res., Sect. A, No. 4, 1958, pp. 256- 
313. 57 refs. I - Experimental investigation of 
pressure distribution across a plane jet of air is- 
suing with a velocity of 4,000 cm. per sec. from 
a slit of 0.5 cm. x 10 cm. into still air, and 2,000 
cm. per sec. from a slit of lcm. x 25cm. From 
these experiments three characteristics have been 
derived: the turbulent shear stress, the coeffi- 
cient of turbulent momentum exchange, and the 
mixing length. Il - Test results indicating that 
the distributions of heat and matter are identical, 
but that the transfer of momentum and the transfer 
of heat or matter are not in any way identical. III - 
Application of diffusion methods to the measure- 
ment of anisotropic turbulence using locally gener- 
ated heat and locally injected hydrogen in a plane 
jet of air. Investigations were also made by means 
of a hot-wire -anemometer into the axial and trans- 
verse intensities of turbulence as well as the factor 
of turbulent shear across the larger jet. The re- 
sults obtained by the two methods are compared, 
and it appears that the hot-wire methods yield 
readings which are too low. 


SUPERSONIC MIXING OF JETS AND TURBU- 
LENT BOUNDARY LAYERS. H. E. Bailey and 
A. M. Kuethe. USAF WADC TR 57-402 [AD 150 
992], June, 1957. 45 pp. 15 refs. Presentation 
of a theory permitting the solution of a linearized 
form of the momentum equation for the case of 
two flows at different Mach Numbers merging at 
the trailing edge of a two-dimensional airfoil. A 
description of experimental equipment is made, 
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and theoretical and experimental velocity profiles 
are compared. The results indicate that the rate 
of growth of the supersonic mixing region is ap- 
proximately equal to that of the turbulent boundary 
layer along a wall. The mixing phenomenon off 
and at the centerline is essentially two-dimension- 
al. The linearized theory of jet mixing does not 
provide a satisfactory framework for correlating 
the results. With pressure ratios as high as 4, 

no region of flow separation on the low pressure 
side upstream of the lip was observed. 


A NUMERICAL METHOD FOR CALCULATING 
THE STARTING AND PERTURBATION OF A 
TWO-DIMENSIONAL JET AT LOW REYNOLDS 
NUMBER. R. B. Payne. Gt. Brit., ARC R&M 
3047, 1958. 50 pp. 14 refs. BIS, New York, 
$3.15. Presentation of a finite-difference method 
to solve the equations of motion on an unsteady 
viscous flow. The use of Helmholtz's equations 
for the velocity is made desirable by the presence 
of vorticity. The vorticity equation and a more 
accurate finite difference approximation for the 
space derivative in the direction perpendicular to 
the jet are used. A graphical presentation is given 
for the vorticity distribution and the streamlines 
at successive times of the starting of a symmetri- 
cal jet. It is found that the results given by the 
finite-difference scheme are satisfactory only at 
very low Reynolds Numbers. Results are given 
for a symmetrical jet at Reynolds Numbers 50, 
100, 150, and 300. The advantages of using a curv- 
ed mesh instead of a rectangular one are also dis- 
cussed. 


BOUNDARIES OF SUPERSONIC AXISYMMET- 
RIC FREE JETS. Appendix - JETS EXHAUSTING 
INTO SUPERSONIC STREAMS. E. S. Love, M. 
J. Woodling, and L. P. Lee. US, NACA RM 
L56G18, Oct. 5, 1956. 98 pp. Calculations by the 
method of characteristics of boundary shapes for 
jets exhausting from conically divergent nozzles, 
covering: jet Mach Numbers from 1.5 to 3.0, jet 
static-pressure ratios from 1 to 10, nozzle diver- 
gence angles from 5° to 20°, and ratio of specific 
heats from 1.115 to 1.667. The results are pres- 
ented nondimensionally, some random examples 
of the variables involved are shown, and the pos- 
sibilities of the simulation of one jet by another 
are examined for jets exhausting into still air and 
into supersonic streams. 


EFFICIENCY OF SUPERSONIC NOZZLES FOR 
ROCKETS AND SOME UNUSUAL DESIGNS. R. P. 
Fraser, P. N. Rowe, and M. O. Coulter. IME 
Proc. , No.16,1957, pp. 553-569;Communications, 
pp. 570-576; Author's Reply, pp. 577-580. 23 refs. 
Review of experiments performed inorder to findan 
efficient rocket-nozzle shape which could be manu- 
factured simply. The air flow within the nozzle and 
the issuing jet have been examined photographical- 
ly. The apparatus used and the experimental tech- 
niques are described. A number of unusual designs, 
including annular nozzles, a variable thrust-noz- 
zle, and a nozzle designed to be mounted at the 
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front of a rocket have been considered. The best 
design for simple nozzles of conical divergence is 
determined and is found to have a thrust efficien- 
cy of 96%. Suitable entry radius and divergence 
angles are recommended. The effect of machine 
errors, obstructions in and near the nozzle, and 
of operating at incorrect pressure ratios have all 
been considered experimentally. 


DROP-SIZE DISTRIBUTIONS FOR IMPINGING- 
JET BREAKUP IN AIRSTREAMS SIMULATING 
THE VELOCITY CONDITIONS IN ROCKET COM- 
BUSTORS. R. D. Ingebo. US, NACA TN 4222, 
Mar., 1958. 23 pp. Experimental investigation 
to obtain drop-size data for heptane sprays produc- 
ed by pairs of impinging -jets in air streams over 
ranges of orifice diameter, liquid-jet velocity, and 
velocity difference between the airstream and the 
liquid jet.. All drop-size data are analyzed by 
using the Nukiyama-Tanasawa expression. 


Jet Flaps & Wings 


THE CALCULATION OF THE ROTARY LAT- 
ERAL STABILITY DERIVATIVES OF A JET- 
FLAPPED WING. H. H. B. M. Thomas and A.J. 
Ross. Gt. Brit., RAE TN Aero. 2545, Jan., 1958. 
24 pp. Description of a solution, based on Mas- 
kell's analysis of the effect of finite aspect ratio 
on lift and drag, showing the effect of the presence 
of the jet on the stability derivatives. The deriv- 
atives are calculated on the basis of the usual 
quasi-steady flow conditions, and the trailing vor- 
tices are assumed to be straight and not curved. 
Graphical representations of rolling and yawing 
moment derivatives are made, and the results in- 
dicate that all the rotary lateral stability deriva- 
tives are affected by the presence of the jet. 


Parasitic Components 


A THEORETICAL AND EXPERIMENTAL IN- 
VESTIGATION AT A MACH NUMBER OF 3.09 OF 
A LOW-DRAG AUXILIARY BODY UTILIZING FA- 
VORABLE INTERFERENCE. Appendix A - RE- 
QUIRED SPILLAGE. Appendix B - POSSIBLE 
SPILLAGE. Anthony Martellucci. Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 432 (AFOSR TN 58-175) [AD 152208], Dec., 
1957. 44 pp. 14 refs. Study considering the attach- 
ment of a body of large volume to the underside 
of a wing or fuselage flying at a Mach Number of 
3.02, such that,for a constant lift of the system, 
the additional wave drag will theoretically be zero. 
A starting analysis of the design, whose forebody 
is comparable to the scoop of a Ferri-type inlet, 
was conducted and verified experimentally. The 
pressure drag was determined from a numerical 
integration of the surface static pressures obtained 
by experiment. Comparison of the design configu- 
ration to bodies of equal volume and length indicates 
that the drag is one order of magnitude less than 
that of a cone, parabolic arc body, or a Haack- 
Adams body. The Mach Number at the minimum 
section is found to be approximately 1.6. Thus,the 
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auxiliary body considered can be useful not only as 
an external storage system,because of the low drag 
quality, but also as an auxiliary ram-jet engine 
installation for long range vehicles. 


Stability & Control 


DIE STRUKTURELLE STABILITAT DER BE- 
WEGUNG VON FLUGZEUGEN. Siegfried Lehnigk. 
ZFW, Apr., 1958, pp. 110-115. 10 refs. In Ger- 
man. Discussion of the possibility of stabilizing 
a dynamically unstable flight condition by choosing 
suitable moduli of the parameters. A theorem for 
the existence of stability areas is formulated. Two 
examples of flight mechanics are illustrated, and 
solutions of the problems are given. 


CONSIDERATIONS GENERALES SUR LA 
VRILLE. J. F. Vernet. Docaéro, Mar., 1958, 
pp. 3-10. In French. Investigation of the basic 
»henomena and general mechanics of spin. Includes 
vertical velocity and drag equilibrium, spin radius 
and lift equilibrium, incidence and pitch equilibri- 
um, altitude effect, effect of the moment ofinertia 
of the fuselage, velocity of rotation and sideslip, 
roll and loop equilibrium, effect of a wedge on the 
forward section of the aircraft, smooth and dis- 
turbed spin, and the effect of the deflection of con- 
trol surfaces (rudder, lateral controls, elevator). 


Wings & Airfoils 


REMARKS ON RING AIRFOIL THEORY. Jo- 
hannes Weissinger. USAF OSR TN 58-224 [AD 15 
4126], Jan., 1958. 86 pp. 16 refs. Analysis of 
some problems considering both viscous and non- 
viscous flows. The circumferential velocity at the 
wing surface and the pitching moment due to axial 
forces are calculated, and the influence of a cen- 
tral body on pressure distribution, lift,and pitching 
moment is analyzed. The boundary-layer effects 
are studied, in particular drag and separation. In 
order to obtain results quickly, the three-dimen- 
sional problems are simplified so that the rough 
but quick two-dimensional method of Truckenbrodt 
can be applied. 


PRESSURE DISTRIBUTION ON DIHEDRAL 
WINGS AT SUPERSONIC SPEED. Appendix - AN 
ALTERNATIVE DERIVATION OF THE AVERAG- 
ING PROPERTY ASSOCIATED WITH INITIAL DA- 
TA. Lu Ting. Polytech. Inst. Bklyn., Dept. 
Aero. Eng. & Appl. Mech., PIBAL Rep. 397 (AF 
OSR TN 58-86) [AD 148135], Jan., 1958. 59 pp. 
lirefs. Derivation of two averaging properties for the 
solutions of wave equations. It is also shown how the 
integral of pressure distribution along the line of in- 
tersection of a Mach plane with the wing surface 
can be obtained from the integral of the prescribed 
normal velocity. With this information the pres- 
sure distribution can be represented by a junction 
of two variables which assumes the proper values 
along the Mach lines issuing from the vertex of 
the wings and along the line of intersection of the 
wings. The general procedure for obtaining an 


(89) 


approximate solution is outlined for the case when 
the normal velocity on the wing surface can be rep- 
resented by a power series of two variables. 


A METHOD FOR THE CALCULATION OF 
WAVE DRAG ON SUPERSONIC -EDGED WINGS 
AND BIPLANES. Harvard Lomax and Loma Slu- 
der. US, NACA TN 4232, Mar., 1958. 24 pp. 
Analysis considering two different types of inter- 
fering systems in linearized supersonic flow. 

One has two-dimensional wings in any number of 
planes, and the other has three-dimensional plane 
wings or biplanes with supersonic leading edges 
and trailing edges normal to the free-stream di- 
rection. The minimum wave drag for fixed lift or 
volume is given for several special cases. Results 
indicate that in all cases for the optimum, the up- 
per wing had negative thickness equal in magnitude 
to the positive thickness of the lower wing. A 
sketch showing the minimum values of the drag is 
presented. 


A THEORY OF THE SEPARATED FLOW FROM 
THE CURVED LEADING EDGE OF A SLENDER 
WING. Appendix - REDUCTION OF THE EQUA- 
TIONS TO A FORM AMENABLE TO NUMERICAL 
CALCULATION. J. H. B. Smith. Gt. Brit., 

RAE TN Aero. 2535, Nov., 1957. 25 pp. Method 
for calculating a simplified model of the flow past 
a thin, slender, pointed wing with unswept trailing 
edge, taking into account the separation of the flow 
at the leading edge. The vorticity of the fluidnear 
the leading edge is represented by an isolated vor- 
tex of varying strength which is curved in the non- 
conical cases. Numerical values of the coordinates 
and strength of the vortex, the lift coefficient and 
the center of pressure position, are found for three 
plan-form families at different incidences. The 
results calculated for the position of the isolated 
vortex are given in tabular form. 


CALCULATION OF DERIVATIVES FOR A 
CROPPED DELTA WING WITH SUBSONIC LEAD- 
ING EDGES OSCILLATING IN A SUPERSONIC 
AIR STREAM. J. Watson. Gt. Brit., ARC R&M 
3060, 1958. 34 pp. BIS, New York, $2.16. Deri- 
vation of the lift, pitching moment, and full-span 
constant-chord control hinge-moment for acropped 
delta wing describing harmonic plunging and pitch- 
ing oscillations of small amplitude. Expressions 
are obtained for a Mach range of 1.1 to 1.944. 


DRAG DUE TO LIFT OF A NOT-SO-SLENDER 
CONFIGURATION. I. Appendix I - WAVE DRAG 
CHARACTERISTICS OF A WING-BODY CONFIG- 
URATION. Appendix II - ON THE MINIMAL SO- 
LUTION FOR THE ISOPERIMETRIC PROBLEMS 
ARISING FROM THE SLENDER BODY AND ITS 
SUCCESSIVE APPROXIMATIONS. H. K. Cheng. 
USAF WADC TR 57-316, Pt. I [AD 118336], Sept., 
1957. 38 pp. 13 refs. Determination of minimum 
wave drag due to lift and of minimum vortex drag. 
A discussion of the geometric requirements corre- 
sponding to the desirable lift distributionis includ 
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ed. Conclusions drawnindicate that by suitable re- 
strictions on the body of the wing-body configura- 
tion the present theory permits separate determi- 
nation of vortex drag and of wave drag due to lift. 
A desirable axial lift distribution with @(/)¥¢ O 
consistent with the assumption of the theory, prod 
uces a lower drag than that corresponding to the 
elliptic distribution. 


AEROELASTICITY 


AEROELASTICITY IN STABILITY AND CON- 
TROL. USAF WADC TR 55-173 [AD 126337], Mar., 
1957. 494 pp. 410 refs. Study presenting the basic con- 
cepts needed in understanding the techniques for 
incorporating aeroelastic effects in aircraft stabil- 
ity and control analyses, as well as to give prac- 
tical procedures for performing such analyses. 
Background material needed for understanding the 
methods employed is presented as are the physical 
principles involved. Application of the methods to 
the analysis of airplanes, missiles, and helicop- 
ters is given. Finally, the use of automatic com- 
puters in solving the equations and flight-test an- 
alysis methods relative to aeroelastic analyses 
are presented. 


SUPERSONIC FLUTTER OF A CYLINDRICAL 
SHELL. Il. J. W. Miles. (Ramo-Wooldridge 
Corp. Rep. GM-TR-32, May 25, 1956.) J. Aero. 
Sci., May, 1958, pp. 312-316. Application of apre- 
viously derived theory to the flutter analysis of 
prestressed shells (pressurized shells filled with 
either gas or liquid). The flutter speeds andnega- 
tive damping ratios are calculated, the latter being 
presented in graphical form. Results indicate that 
axial prestress increases the theoretical flutter 
speed, but that circumferential prestress has no 
effect on this speed. The velocity of sound is rel- 
atively insensitive to changes of altitude. The flut- 
ter motion at the initial Mach Number is necessar- 
ily axially symmetric. The internal pressure re- 
quired to prevent flutter is given, and it is indicat- 
ed that the friction between the internal fluid and 
the shell can provide appreciable damping. 


A POWER-SPECTRUM EQUATION FOR STA- 
TIONARY RANDOM GUSTS, INCLUDING A SAM- 
PLE PROBLEM. K. D. Saunders. J. Aero. Sci., 
May, 1958, pp. 295-300. 14 refs. Derivation of a 
general power-spectrum equation based on a math- 
ematical abstraction modeling the probability-den- 
sity distributions of observed meteorological data. 
The scale and intensity of turbulence are given in 
terms of the modes and moments of simple proba- 
bility-density distributions for the magnitude, du- 
ration, and occurrence. Statistical parameters 
are tabulated for altitudes up to 50,000 ft. Ex- 
treme spectra are given for clear-sky and thunder- 
storm gusts. A sample problem is presented for 
the expected incremental load factors at the center 
of gravity of a swept-wing fighter in flight through 
low-level random gusts at Mach Number of 0. 86. 
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VECTORIAL ANALYSIS OF FLIGHT FLUTTER 
TEST RESULTS. E.G. Broadbent andE. V.Hartley. 
Gt. Brit., RAE TN Struc.233, Feb., 1958. 44 pp. 


Presentation of a binary flexure-torsion analysis 
to check theoretically a method for the prediction 
of flutter which depends on plotting vectorially the 
amplitudes of response relative to the exciting 
force and extracting the relevant damping rate. 
The estimated damping rates are compared with 
calculated values. The method has the advantage 
that in a flight flutter test damping can be estimat- 
ed from continuous excitation records. 


VIBRATIONS OF A UNIFORM, ROTATING 
BEAM WITH TIP MASS. G. Handelman, William 
Boyce, and Hirsh Cohen. Rensselaer Polytech. 
Inst. Dept. Math., RPI MathRep. 13 (AFOSR TN 
58-173) [AD 152204], Mar. 24, 1958. 19 pp. Ana- 
lysis of the effect of an added tip mass on the 
transverse vibration of a uniform cantilevered 
beam rotating with constant velocity about an axis 
through the clamped end. Upper and lower bounds 
are established for the lowest frequency as a con- 
sequence of the minimum principle. It is shown 
that the tip mass tends to decrease the frequency, 
as compared with the beam with a free end. The 
first term in the asymptotic development for high 
modes is obtained. 


AIRPLANES 


Air Conditioning, Pressurization 


EQUIPMENT COOLING SYSTEMS FOR AIR- 
CRAFT. Appendix I - HEAT EXCHANGER ANAL- 
YSIS. Appendix II - EVAPORATOR AND CON- 
DENSER ANALYSIS. V. H. Larson. USAF WADC 
TR 56-353 [AD 142268], Jan., 1958. 232 pp. 27 
refs. Analysis of aircraft cooling systems for ve- 
locities up to Mach 2.5 and altitudes up to 70, 000 
ft. The effect of flight velocity and altitude on 
weight, drag, and power requirements of the cool- 
ing system are studied. Vapor cycle cooling sys- 
tems using Freon-ll and systems using water are 
analyzed to determine the weight of various com- 
ponents and the power requirements for the sys- 
tems. Simple and regenerative air cycle systems 
and a ram air cooling system combined with an 
expendable coolant system are also analyzed. Ex- 
pendable coolant systems used singly and in com- 
bination with other cooling systems are considered 
for high speed dash flight of limited duration. The 
applicability of each of the systems tocentralized 
and to individualized concepts of equipment cool- 
ing is studied. 


Control Systems, Automatic Pilots 


A PILOT ANALOG FOR AIRPLANE PITCH 
CONTROL. N. D. Diamantides. J. Aero. Sci,, 
June, 1958, pp. 361-394. ll refs. Development 
of a simplified pilot analog matching accurately 
the motions of a jet interceptor pilot as he controls 
a pitching airplane. The analog was tested in a 
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control loop that included simulated pitch disturb- 
ances, the main characteristics of an F-89B jet 
interceptor, and a movable cockpit mock-up e- 
quipped with a simplified control column and dis- 
play. Simple adjustments for each test subject 
were required; these adjustments permitted meas- 
urements of human characteristics. A pilot equa- 
tion that can be considered representative of the 
simplified electronic pilot analog for airplane pitch 
control is formulated. 


Landing Gear 


RECENT ADVANCES IN THE DESIGN OF AIR- 
CRAFT TYRES AND BRAKES. H. W. Trevaskis. 


RAeS J., Mar., 1958, pp. 203-211. Survey of the 


development of aircraft tires and brakes, covering 
such problems as the effect of speed on tire tem- 
perature and the production of improved materials 
with lower hysteresis losses capable of operating 
at higher temperatures. Includes description of a 
test machine operating on the tire-to-tire princi- 
ple used to achieve the needed improved perform- 
ance, as well as the maximum speeds attainable 
and the loads used. The machine is also used to 
study the standing wave developed at high speeds 
which creates high stresses reducing considera- 
bly the life of the tire. The example of a typical 
wave caused by high-frequency oscillation within 
the stracture of the tire is given. The changes in 
materials used for tire construction, the impor- 
tance of the change to Nylon, the introduction of 
high-pressure tires and their effect on aircraft 
design, use on ice, and materials able to with- 
stand high temperatures are evaluated. Also pre- 
sented is a discussion of the development of brakes 
covering the basic function, design, advantages, 
materials used, and factors leading to a high rate 
of wear for a given lining material, as well as 
braking performance during rejected take off and 
variation of the friction coefficient. 


INSTRUMENTS 


Flow Measuring Devices 


AN INVESTIGATION OF THE FREQUENCY 
RESPONSE OF PITOT PROBES AND PRELIMI- 
NARY MEASUREMENTS OF THE PITOT PRES- 
SURE FLUCTUATIONS IN THE N.A.E. 5-IN. PI- 
LOT SUPERSONIC WIND TUNNEL. R. Westley. 
Canada, NAE LR 214, Dec., 1957. 22 pp. Appli- 
cation of a sound-source method to calibrate the 
responses of four pitot probes and a hypodermic 
boundary layer probe. The useful frequency range 
of a probe was found to decrease markedly with 
increase of the length of tube between the probe 
inlet and the pressure transducer. Preliminary 
measurements were made at a Mach Number of 
1.2 for the spectra of the pitot head pressure fluc- 
tuations in the contraction entry and working sec- 
tion of a wind tunnel. 


MISSILES, ROCKETS 


DER DRUCKWIEDERGEWINN BEI GESCHOS- 
SEN MIT RUCKSTOSSANTRIEB BEI HOHEN UBER- 
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SCHALLGESCHWINDIGKEITEN. K. Oswatitsch. 
DVL Bericht No. 49, Dec., 1957. 50 pp. West- 
deutscher Verlag, Kéln & Opladen. In German. 
Wind-tunnel investigation of the problem covering 
the transformation of the kinetic energy of sur- 
rounding air into thrust of a missile flying at high 
supersonic velocity. The air intake at the nose of 
the missile is described and the difficulty in ob- 
taining an efficient installation with least possible 
drag increase is pointed out. Includes analysis 
of theoretical requirements, development of a 
Pitot-type intake providing a combustion-chamber 
pressure up to 19 atm. at flight Mach Number of 
2.9, and presentation of experimental results as 
well as their comparison to theoretical predictions, 


NUCLEAR ENERGY 


ENERGIE NUCLEAIRE ET PROPULSION 
AERIENNE. I - PROBLEMES GENERAUX. J. 
Truelle. Docaéro, Mar., 1958, pp. 29-36. In 
French. Investigation of general problems posed 
by nuclear propulsion systems,covering‘such as- 
pects as weight, size, mobility limitations, power 
plant operation, specific output and associated 
thermal problems, and shielding. Derivation of 
general solutions pertaining to the weight and cov- 
ering atomic fuel, moderators and reflectors, heat 
exchangers, shielding armor, piloting and instal- 
lation systems, as well as general solutions per- 
taining to size, high-temperature resistance, and 
radiation effects. 


PHYSICS 


FURTHER RESEARCH ON THE PHYSICS OF 
AIR VISCOSITY. I - HISTORY OF THE FIRST 
CENTRIPETAL AIR PRESSIRE-PUMP,. 
CENTRIPETAL AIR PRESSURE PUMP, 
CENTRIPETAL AIR VACUUM PUMP, Markus 
Reiner. IV - SECOND ORDER EFFECTS IN IN- 
FINITESIMAL ELASTICITY, Markus Reiner and 
L, Rintel, Technion Res, Devel, Found., Haifa, 
TR (EOARDC TN 57-189) [AD 126484], 1957. 89 pp. 
Theoretical examination of second-order effects 
in infinitesimal elasticity for different measures 
of strain. These appear when the first-order ef- 
fects of classical infinitesimal elasticity are ab- 
sent. Applications are made to two cases of tor- 
sion for a right circular cylinder with free and 
prevented extension, 


POWER PLANTS 


THE ION ROCKET ENGINE. R. H. Boden. 
North Am. Av. Rocketdyne R-645 (AFOSR TN 57- 
573) [AD 136558], Aug. 26, 1957. 40 pp. 10 refs. 
Analysis of the ion thrust chamber to establish 
the significant overall design parameters and cri- 
teria for the selection of the propellant. Three 
significant parameters are the ratio of the accel- 
eration voltage to atomic or molecular weight of 
the propellant, gross weight of the vehicle, and 
thrust-to-weight ratio. The design of the thrust 
chamber depends on the selection of these param- 
eters to achieve optimum balance among specific 
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power demands, size, weight, and operating time 
of the rocket engine. 


Rocket 


A PRACTICAL MATHEMATICAL APPROACH 
TO GRAIN DESIGN. M. W. Stone. (ARS Semi- 
Annual Meeting, San Francisco, June 10-13, 1957.) 
Jet Propulsion, Apr., 1958, pp. 236-242. Devel- 
opment of equations relating solid propellant grain 
geometry to the important ballistic parameters of 
cross-sectional loading density, sliver or tail-off 
fractions, progressivity ratio, initial surface, and 
web. The equations are solved by means of com- 
puters and the results graphed in a usable form. 
The graphs are useful in determining the effect of 
slight variations in design parameters. Illustra- 
tions are provided for the internal-burning star 
and the internal-burning wagon wheel configura- 
tions. Calculations have also been made on a mod 
ified form of the wagon wheel which permits one, 
two, or three levels of thrust during burning. 


PROPELLANT VAPORIZATION AS ACRITE- 
RION FOR ROCKET ENGINE DESIGN; RELATION 
BETWEEN PERCENTAGE OF PROPELLANT VA- 
PORIZED AND ENGINE PERFORMANCE. M. F. 
Heidmann and R. J. Priem. US, NACA TN 4219, 
Mar., 1958. 19 pp. 10 refs. Analysis on the quan- 
titative effect of incomplete propellant vaporiza- 
tion on rocket-engine performance. A relation be- 
tween characteristic exhaust velocity c* and the 
percentages of oxidant and fuel vaporized and burn- 
ed is given. It is shown that c* efficiencies of 70% 
to 90% can be realized when only half the fuel is 
vaporized, whereas c* efficiencies of about 60% 
can be realized when half the oxidant is vaporized. 
The specific relations between c* and the propel- 
lant vaporized are presented graphically for the 
hydrogen-oxygen, ammonia-fluorine, and JP-4 - 
oxygen propellant combinations. 


PRODUCTION 


Metalworking 


MECHANICS OF ADHESIVE JOINTS. Il - E- 
VALUATION OF RESIDUAL STRESSES. Yukihiko 
Inoue and Yonosuke Kobatake. Appl. Sci. Res., 
Sect. A, No. 4, 1958, pp. 314-324. Analysis of 
the residual stresses in a composite beam, caused 
by the differential contraction of the two compo- 
nents of the composite beam, in terms of the plane 
stress problem. When the thickness of one or 
each component of a composite beam is sufficiently 
large so that a beam is very hard to bend, the 
stress distribution near the interface can be calcu- 
lated by the previously derived equations for an 
adhesive layer of butt joint. 


RESEARCH, RESEARCH FACILITIES 
Rocket Sleds, Tracks 


PARAMETERS FOR ROCKET -SLED-PROPUL- 
SION SYSTEMS. Appendix A, B - DETERMINA- 
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TION OF SLED SYSTEM VELOCITIES CONSIDER- 
ING AIR DRAG. Appendix C - CALCULATIONS 
DETERMINING PROPELLANT MASS FLOW RATE 
TO OBTAIN A THRUST PROGRAM. H. J. Wei- 
gand and F. F. Kuhn, USAF MDC TN 58-2 [AD 
135006], Mar. , 1958. 38 pp. Study of the problem of 
propelling a tracked sled using rockets, based 
upon a number of empirically derivedassumptions. 
A set of nomographs is developed to show the 
parametric relationship between sled acceleration 
and time of run and the ratio of the propellant 
mass to initial mass required. Plots include the 
following: sled weight as a function of payload 
weight, sled velocity as a function of the ratio of 
propellant mass to initial mass for several values 
of specific impulse, and several values of the ratio 
of thrust to frontal areas. 


Wind Tunnels 


CONSTRUCTION AND CALIBRATION OF A 
LOW DENSITY WIND TUNNEL. F. M. Devienne, 
G. M. Forestier, and A, F, Roustan. Lab, Médi- 
terranéen de Rech. Thermodynamiques TN (EOAR 
DC TR 58-212)[AD 154113], Jan. ,1958. 55 pp. 23 
refs. Study of the behavior of a highly rarefied 
gas flowing out of the nozzle of a wind tunnel at 
supersonic speed. A low density wind tunnel, 
whose static pressure in the test chamber may 
vary from 1/10 of a micron to 10 microns according 
to the nozzles used and the speeds required, is 
described. The state of equilibrium of the gas is 
studied and the speed of flow is determined. A 
systematic study of the impact pressure is carried 
out, and the influence of outgassing and viscosity 
is discussed. The dimensions of the pressure 
probes, the different ratios for probes, the limit 
pressures, and the impact pressures are given in 
tabular form. It is shown that the Rayleigh formu- 
la no longer applies and that the use of superaer- 
odynamic formula is advisable. 


DEVELOPMENT OF A RAM WIND-TUNNEL 
FOR SUPERSONIC RESEARCH. R. A. Hermann. 
USAF MDC TR 58-1 [AD 123735], Feb., 1958. 75 
pp. 26 refs. Analysis of a ram-inlet wind-tunnel 
(RWT) which offers such advantages as character- 
istically high test-section power; high stagnation 
temperature which effectively eliminates air lique- 
faction; and the possibility of simulating a wide 
range of speed and altitude conditions in the test 
section. Data from design analyses cover track 
Mach Numbers ranging from 2 to 4. Tentative 
solutions are proposed for problems of pro- 
pulsion, aerodynamic drag reduction, velocity 
control, and recovery. 


ON THE CHOICE OF MERCURY VAPOR AS 
TESTING MEDIUM FOR A PLASMA TUNNEL 
AND SOME OF ITS AERODYNAMIC PROPERTIES. 
H. U. Eckert. Convair Sci. Res. Lab. RN 12, 
Nov. 1, 1957. 34 pp. Discussion of an economical 
way of producing a continuous high-speed gas 
stream of low density. The condition for economy 
is that the medium exhibits the desired pressure 
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variation in a convenient temperature range and 
has characteristics permitting the ionization proc- 
ess to become as efficient and uncomplicated as 
possible. It is concluded that the medium offering 
the best compromise is mercury. Mercury fluid 


properties in the vapor phase are compiled and 
presented. 


ROTATING WING AIRCRAFT, HELICOPTERS 


GASTURBINEN UND STRAHLANTRIEBE FUR 
HUBSCHRAUBER. H. Liipke. DVL Bericht No. 
46, Jan., 1958. 107 pp. 62 refs. Westdeutscher 
Verlag, KSln & Opladen. In German. Survey of 
gas turbines and jet propulsion systems for heli- 
copters covering such rotor-tip installations as 
the pulse jets, Schmidt tubes, compressed-air 
nozzles, or rockets. The systems are examined 
in terms of technical performance, economics, 
and weight. Includes brief survey of piston-driven 
rotors and direct rotor drives from gas turbines 
as well as tables summarizing data on the consid- 
ered systems. 


SPACE TRAVEL 


ON RELATIVISTIC ROCKET MECHANICS. 
J. M. J. Kooy. (8th Internatl. Astronautical 
Congr., Barcelona, Oct. 6-12, 1957.) Astronauti- 
ca Acta, Fasc. 1, 1958, pp. 31-58. Derivation of 
the differential equations for rectilinear motion 
and curvilinear motion in nongravitational space 
from the basic equation of relativistic mechanics. 
The astronautical aspect of the relativistic time 
dilatation is discussed, and Ackeret's formula for 
rectilinear flight in nongravitational space is giv- 
en. The case of relativistic motion of a rocket- 
ship, emitting positive and negative particles and 
moving in nongravitational space, is presented. 


LE PROBLEME DU MAXIMUN DE RAYON 
D'ACTION DANS UN CHAMP DE GRAVITATION 
UNIFORME. B. Fraeijs de Veubeke. Astronau- 
tica Acta, Fasc. 1, 1958, pp. 1-14. In French. 
Evaluation of the problem of maximum range and 
introduction of a method developed by Cicala for 
the Mayer problem of calculus of variations. The 
use of time as independent variable is rejected 
and a parametric representation is suggested, fa- 
cilitating the selection of a differential system for 
the most compact numerical calculations. Various 
approximations are examined, and particular at- 
tention is given to the ballistic extension of the 
trajectory and its junction with the propulsive 
phase. It is indicated that the use of classical 
criteria, such as derived by Weierstrass, can be 
used to evaluate the stationary solution provided 
by Euler equations. 


THE COMMUNICATION SATELLITE. R. P. 
Haviland. (8th Internatl. Astronautical Congr., 
Barcelona, Oct. 6-12, 1957.) Astronautica Acta, 
Fasc. 1, 1958, pp. 70-89. Review of the charac- 
teristics of satellites and of the satellite-earth 
system in order to determine their effect on com- 
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munication systems. Design and operation re- 
quirements are discussed in terms of the system 
engineer's approach interested in establishing the 
magnitude of the problem rather than a detailed so- 
lution. Simplified models and approximations are 
used for this purpose. The effect of the satellite 
orbital motion is considered, and a graphical rep- 
resentation of the effect of height on the feasibility 
of communications systems is given. Results in- 
dicate that the equatorial orbit appears to be supe- 
rior in all cases, and that the coverage of a single 
satellite increases with altitude. The synchroniz- 
ed 22,300 mile satellite permits the establishment 
of a "partial" system, giving continuous coverage 
to wide areas with a single satellite. The effects 
of orbital motion are smaller at great altitude and 
become zero for the synchronized orbit. 


SPECIAL ISSUE: RADIO OBSERVATIONS ON 
THE RUSSIAN SATELLITES. (IEE Radio & Tele- 
communication Sect. Meeting, Nov. 22, 1957.) 
(IEE Rep. 2552.) IEE Proc., Pt. B, Mar., 1958, 
pp. 4-95, 96-108; Discussion, pp. 95, 96, 108-115. 
Partial Contents: Observations at Cambridge, 

J. R. Shakeshaft. Apparatus Used at the Royal 
Aircraft Establishment, A. N. Beresford. Some 
Direction-Finding Observations on the 20 Mc/s 
Signal, F. A. Kitchen, E. R. Billam, W. R. R. 
Joy, R. F. Cleaver, D. L. Cooper-Jones, and 
J. M. Beukers. Observations of Bearing and An- 
gle of Elevation of Satellite I, W. C. Bain and 

R. W. Meadows. Estimating the Height of the 
First Satellite from Radio Interferometer Records, 
G. B. Longden. Precise Frequency Measure- 
ments on First Russian Satellite, H. Stanesby. 
Analysis of Doppler Data from Earth Satellites, 
D. E. Hampton. Radio Observations on the Signal 
Characteristics of Satellite I, P. J. Brice and P. 
N. Parker. Radar Observations of the Russian 
Earth Satellites and Carrier Rocket, J. Davis, 

J. V. Evans, S. Evans, J. S. Greenhow, and J. 
E. Hall. Observations at the Royal Radar Estab- 
lishment, J. S. Hey. Discussion of the impor- 
tance of radio measurements in the determination 
of six quantities and of their variation with time in 
order to explore the distribution of mass in the 
earth, the effect of air drag, and other factors. 
These quantities comprise: (a) the height of the 
perigee, (b) the height of the apogee, (c) the posi- 
tion in the celestial sphere of the ascending node - 
i.e., the intersection of the orbit plane with the 
equatorial plane on the side of the south-to-north 
passage, (d) the angle which the line joining the 
apogee to the perigee makes with the ascending 
node, (e) the inclination of the orbit -i.e., the an- 
gle between the orbital plane and the equatorial 


plane, and (f) the time of passing the ascending 
node. 


STRUCTURES 


THEORETICAL AND EXPERIMENTAL AS- 
PECTS OF IMPACT PROBLEMS. C. S. Barton. 
Rensselaer Polytech. Inst. Res. Div. TR1, Sept. 


5, 1957. 63 pp. 20 refs. OSR-sponsored investi- 
gation concerning the impact of short bars on infi- 
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nitely long bars. A bar is considered of infinite 
length if the pulse length induced by the impact of 
a short bar on one of its ends is shorter than the 
time of reflection in the long bar. Through the 
use of modern instrumentation and electric strain 
gages mounted on the long bar andonthe short bar, 
it is possible to study not only the time of contact 
(pulse length), but also the stress as a function of 
time. In this manner the theoretical analysis can 
be compared directly for all portions of the exper- 
imentally induced pulse. 


Beams & Columns 


THE LATERAL INSTABILITY IN THE ELAS- 
TIC RANGE OF BEAMS WITH MIXED END CON- 
DITIONS. J. Solvey. Australia, ARL Rep. SM. 
256, Jan. 1958. 39 pp. Extension of previous 
results on beams to cases where the end restraints 
on either side of the beam are not identical-i.e., 
one end simply supported, the other built-in. 
These conditions apply either to the plane of load 
or to the lateral plane or to both. The results ob- 
tained give the critical load for lateral buckling as 
long as the stresses are within the elastic range. 
The extension to the elasto-plastic range has not 
been attempted, but for most practical cases re- 
placing Young's modulus by the tangent modulus 
would provide practical solutions. 


Cylinders & Shells 


THE EFFECT OF AN INTERNAL COMPRESSI- 
BLE FLUID COLUMN ON THE BREATHING VI- 
BRATIONS OF A THIN PRESSURIZED CYLINDRI- 
CALSHELL. J. G. Berry and E. Reissner. J. 
Aero. Sci., May, 1958, pp. 288-294. Analysis to 
determine the free oscillations ( or breathing vi- 
brations) of a thin shell containing a fluid, taking 
into account the inertia and compressibility effects 
of the fluid. The equations for transverse vibra- 
tions of the shell and for the small motion of an 
inviscid compressible circular cylindrical fluid 
column are derived, and a formula for the frequen- 
cies of free vibrations is given. The fluctuating 
pressure over the cylindrical surface of the fluid 
column is determined in terms of the radial accel- 
eration of points on the cylindrical surface. The 
natural frequencies of the coupled elastic cylinder 
-internal fluid system are discussed. It is con- 
cluded that the lowest frequency of the fluid vibra- 
tion within a rigid enclosing cylinder has a lower 
value than the corresponding frequency for the 
fluid column with a free cylindrical boundary. The 
effect of inertia and compressibility of an internal 
fluid is to lower the frequency of the wall vibra- 
tions of the shell. The lowest value of the frequen- 
cy decreases as the value of the mass ratio in- 
creases. 


A NOTE ON THE DISCONTINUITY STRESSES 
AT THE JUNCTION OF A PRESSURISED SPHER- 
ICAL SHELL AND A CYLINDER. D. S. Houghton 
and A. S. L. Chan. Coll. of Aeronautics, Cran- 
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field, Note No. 80, Jan., 1958. 18 pp. Analysis 
of the forces and moments occurring at the junc- 
tion of a pressurized spherical shell with an inter- 
secting cylinder. The additional effects of a tem- 
perature gradient along the length of the cylinder 
and the effect of a jointing ring are considered. 


THE BENDING STABILITY OF THIN-WALLED 
UNSTIFFENED CIRCULAR CYLINDERS INCLUD- 
ING THE EFFECTS OF INTERNAL PRESSURE. 

H. S. Suer, L. A. Harris, W. T. Skene, and R. 
J. Benjamin. J. Aero. Sci., May, 1958, pp. 28l- 
287. 14 refs. Development of a semiempirical 
design procedure allowing the calculation of the 
critical maximum stress with a knowledge of the 
cylinder geometry and the internal pressure only. 
An extensive series of bending tests of pressurized 
cylinders is performed. An evaluation of the ef- 
fects of initial irregularities can be made by using 
the statistical method of the analysis of cylinder 
stability data. Only experimental results from the 
investigations were used in developing the analysis. 
Design curves for determining the critical buckling 
stress for unpressurized and pressurized cylinders 
in bending are developed as 90% probability curves 
from test data. Results indicate that at lowvalues 
of the pressure parameter, the axial stress has a 
negligible effect on the buckling stress coefficient. 
At large values the effect of the axial component 

of the stress becomes predominant. 


Elasticity & Plasticity 


MEAN VALUE THEOREMS IN THE THEORY 
OF ELASTICITY. J. B. Diaz and L. E. Payne. 
(Appl. Mech. 3rd Natl. Congr., Providence, R. 
I., June ll-14, 1958.) U. Md. Inst. Fluid Dynam- 
ics & Appl. Math. TN BN-117 (AFOSR TN 58-261) 
[AD 154165], Jan., 1958. 30 pp. 21 refs. Deter- 
mination of mean value theorems," similar to 
those formulated by Gauss in the theory of elasticity. 
The method of derivation employed is applicable 
simultaneously to the cases of two and three di- 
mensions, as well as to n-dimensional real Eu- 
clidean space. Mean value theorems are given 
for harrnonic and biharmonic functions, and for 
stress and strain components in terms of the dis- 
placements. 


ZAPRAWA, OPOZNIENIE SPREZYSTE I NA- 
PREZENIA RESZTKOWE W UJECIU DYNAMICZ- 
NEJ TEORII PLASTYCZNOSCI. Jan Madejski. 
Rozprawy Inzynierskie, No. 4, 1957, pp. 455-478. 
13 refs. In Polish, with summaries in Englishand 
Russian. Analysis of a nonhomogeneous honey- 
comb model. It is assumed that both substances 
are solutions,capable, under certain circumstances, 
of separating or absorbing some components ofthe 
solution. It is assumed that the kinetics of this 
phenomenon determine the equation of monomo- 
lecular chemical reaction. The corresponding 
thermal effect may be the result of heat transfer 
from the outside or of internal friction. In the 
latter case, isothermal and irreversible changes 
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of state in a solid are possible. By application of 
the principles of the "dynamic theory of plasticity" 
for each component separately, it is found that the 
model considered is subjected to work hardening 
and reveals elastic after-effect, deformation due 
to cold working, and residual stresses. 


EXTREMUM THEOREMS IN THE THEORY OF 
PLASTICITY OF NON-HOMOGENEOUS AND ANI- 
SOTROPIC BODIES. Wactaw Olszak and Piotr 
Perzyna. Arch. Mech. Stosowanej, No. 6, 1957, 
pp. 695-712. 26 refs. Generalization of extremum 
theorems to the class of nonhomogeneous aniso- 
tropic bodies of various types. Includes formula- 
tion of general physical relations taking into ac- 
count elastic deformations and strain hardening. 
A survey of previous investigations is also present- 
ed. 


ON THE POSSIBILITY OF BETTER UTILIZA- 
TION OF THE ANALOGY BETWEEN STRESS AND 
STRAIN IN THE THEORY OF ELASTICITY. 
Marian Rogozinski. Arch. Mech. Stosowanej, 

No. 6, 1957, pp. 713-730. Study based on the anal- 
ogy between stress and strain which introduces 

the concept of a vector field, the derivatives ofthe 
respective components of which form a tensor. It 
is shown that the dimension of the vector quantity 
in question is the same as that of the density of 
energy flow. Application is made to cases a con- 
centrated force acting on the edge of an infinite 
wedge and an infinite wedge loaded on the lateral 
surfaces. 


Plates 


COMPRESSIVE BUCKLING OF A LONG SIM- 
PLY SUPPORTED PLATE ON AN ELASTIC 
FOUNDATION, Paul Seide. J. Aero. Sci., June, 
1958, pp. 382-384, 394, Investigation of the effect 
of nonattachment of the foundation on the compres- 
sive buckling load of a long plate, simply support- 
ed along its longitudinal edges. It is found that 
nonattachment of the plate and foundation reduces 
drastically the buckling load of the plate as com- 
pared to a plate with attached foundation. 

Rings 

THE BENDING OF THIN UNIFORM CIRCULAR 
RINGS. W. J. Goodey. Aircraft Eng., Apr., 
1958, pp, 101-108.. Derivation of expressions for 
the bending moment, shear, and tension of rings 
under combined point and distributed loads. The 
resulting differential equation for the bending mo- 
ment is of the third order. The first approxima- 
tion is derived by neglecting second and third or- 
der terms; the resulting equation is linear and 
may be solved exactly. A second approximation 
may be obtained by retaining second order terms 
and solving the differential equation approximate- 
ly to this order of accuracy. 


Thermal Stress 


FINITE THERMAL STRAIN IN SPHERES AND 
CIRCULAR CYLINDERS. B. R. Seth. Arch. 
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Mech. Stosowanej, No. 6, 1957, pp. 633-645. 
Analysis in which a linear stress-strain law, giv- 
ing sufficiently good results for technical applica- 
tion, is assumed. The resulting differential equa- 
tions for the case of spheres and circular cylinders 
are nonlinear. An infinite series solution is ob- 
tained for any temperature law, and a detailed 
discussion of the particular solution for a quadrat- 
ic temperature law is given. Includes acomparison 
of the finite stress components for a quadratic tem- 
perature law with those of the classical thermo-elas- 
ticity. Results indicate that, in the case of asphere, 
the maximum or minimum radial stress occurs at 
a radial distance which is the harmonic mean of 
the internal and external radii of the sphere. 


TEMPERATURE DISTRIBUTIONS IN AIRCRAFT 
STRUCTURES AND THE INFLUENCE OF ME- 
CHANICAL AND PHYSICAL MATERIAL PROPER- 
TIES. K. L. C. Legg and G. Stevens. (Inst. 
Phys. & RAeS Joint Conf., Cranfield, Sept. 19, 


1956.) RAeS J., Mar., 1958, pp. 174-186. Dis- 
cussion of the origin of thermal effects, evaluation 
of difficulties encountered in a formal analysis of 
heat conduction problems, and presentation of 
several examples illustrating the use of finite dif- 
ference methods. The importance of experimen- 
tal methods is emphasized and a brief description 
of a model fuel tank for simulated kinetic heating 
tests is given. Data are also presented for some 
physical and mechanical properties of materials 
applicable to air frames where thermal effects 
are expected. These include thermal expansion, 
conductivity, diffusivity, creep, fatigue, specific 
strength and stiffness, and a parameter calledthe 
“thermal stress efficiency." 


SOME EFFECTS OF KINETIC HEATING ON 
THE STIFFNESS OF THIN WINGS. Il. Appendix - 
EXACT ANALYSIS OF CAMBERED PARABOLIC 
WINGS. S. L. Kochanski and J. H. Argyris. 
Aircraft Eng., Apr., 1958, pp. 114-117. Presen- 
tation of an exact analysis for large spanwise de- 
formations in parabolic wings subject to parabolic 
temperature gradients and large spanwise curva- 
ture and twist. It is shown that the distortion vof 
the cross section remains always parabolic but 
with a varying amplitude. Under certain loading 
conditions the original camber may be reversed. 
Also given are the exact tangent and secant stiff- 
nesses in flexure and torsion. 


THERMODYNAMICS 
Combustion 


AN ITERATIVE METHOD OF DETERMINING 
EQUILIBRIUM COMPOSITIONS OF REACTING 
GASES. S. T. Chu. Jet Propulsion, Apr., 1958, 
pp. 252-254. Presentation of a method in which 
iterative efficiency is independent of whether the 
mixture is far from or close to the stoichiometric 
proportions. The method has the advantage of 
providing explicit correction terms for each suc- 
ceeding iteration; that is, the solutions of each 
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iteration may be obtained by simple algebraic o- 
perations whose forms remain invariant for all 
orders of iterations. Convergence criterion for 
this method may be established mathematically for 
a simple problem of dissociation of diatomic gases 
which are employed mainly as a testing case for 
convergence. 


THE KINETICS AND MECHANISM OF ETHYL- 
ENE OXIDE DECOMPOSITION AT HIGH TEMPER- 
ATURES. L. Crocco, I. Glassman, andl. E. 
Smith. Princeton U. Dept. Aero. Eng. Rep. 416 


(AFOSR TN 58-273) [AD 154174], Apr. 10, 1958. 19 


pp. 13 refs. Development of a flow reactor to study 
the kinetics of ethylene oxide decomposition uptoits 
adiabatic decomposition temperature. A wide range 
of flow velocities is used in order to spread the 
reaction zone over a suitable distance. Experi- 
ments show that inerts probably do not affect the 
overall decomposition characteristics of ethylene 
oxide. Studies with various inert carrier gases 
show that the results are independent of both re- 
actant concentration and flow velocity. Thescatter 
for the data with argon and carbon dioxide is great- 
er than that obtained with nitrogen. 


HYDRAZINE DECOMPOSITION FLAME. Gre- 
gorio Millan and J. M. de Sendagorta. Inst. Nac. 
Tec. Aero. Esteban Terradas Rep. (AFOSR TN 
57-670) [AD 136659], Aug. 30, 1957. 17 pp. Cal- 
culations to determine the velocity of the decom- 
position flame of hydrazine vapors using von Kar- 
man's method. The complete kinectic model as 
proposed by Adams and Stock is adopted, and 
transport coefficients given by Hirschfelder are 
used. Results give an acceptable approximation 
to the flame velocity when compared to experi- 
mental values. Furthermore, it is shown that 
overall reaction corresponding to the complete 
model is similar to that obtained with the simpli- 
fied one developed previously, when for both cases 
concentration of radicals is determined under the 
steady state assumption. 


CALCULATION OF THE PROPAGATION VE- 
LOCITY OF A PLANE LAMINAR FLAME. J. M. 
de Sendagorta. Inst. Nac. Tec. Aero. Esteban 
Terradas Rep. (AFOSR TN 57-668) [AD 136657], 


June 8, 1957. 18 pp. Presentation of amethodap- 
plicable to planes with chemical reactions whose 
advancement is determined by the products con- 
centration and whose molecularity is of first or 
second order, and where the Lewis-Semenov Num- 
ber (L) may differ from unity. The flame equa- 
tions, in their integrated form, are written after 
von Karman's method. For the Lewis-Semenov 
Number equal to unity the relative deviation is 
under 1% for reduced activation temperatures over 
2. For numbers different from unity the relative 
error is again lower than 1% in the range from 
L=0.5to L=2Z. 


COMPARISON OF ANALYTICAL METHODS 
FOR THE CALCULATION OF LAMINAR FLAME 
VELOCITY. G. Millan, J. M. de Sendagorta, and 
I. Da Riva. Inst. Nac. Tec. Aero. Esteban Te- 
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rradas Rep. (AFOSR TN 57-669) [AD 136658], 
Aug. 25, 1957. 68 pp. Evaluation in which the 
values obtained by applying several methods are 
compared to the exact values resulting from the 
numerical integration of the flame equations. A 
study of the approximate methods available when 
the reaction is of first or second order is made. 


Heat Transfer 


FREE CONVECTION UNDER THE CONDITIONS 
OF THE INTERNAL PROBLEM. G. A. Ostrou- 
mov. (Svobodnaia Konvektsiia v Usloviiakh Vnu- 
trennei Zadachi; Moscow, Gostekhizdat, 1952.) 
US, NACA TM 1407, Apr., 1958. 233 pp. 37 refs. 
Translation. Presentation of a mathematical the- 
ory for steady and unsteady gravitational convec- 
tion. General nonlinear equations that can be lin- 
earized. A discussion of nonlinear theory is also 
presented. Experimental investigations of phe- 
nomena described by both the linear and nonlinear 
equations are considered, and experimental tech- 
niques are discussed. Tabulated data are given 
on the thermal and convective parameters of water 
and are compared with those for other fluids. 


TWO-DIMENSIONAL FORCED CONVECTION 
FROM CYLINDERS AT LOW REYNOLDS NUM- 
BERS. Appendix I - EFFECT OF TEMPERA- 
TURE JUMP ON THE HEAT-TRANSFER COEF - 
FICIENT. Appendix II - CRITERION FOR THE 
ONSET OF BUOYANCY EFFECTS. D. C. Collis 
and M. J. Williams. Australia, ARL Rep. A.105, 
Nov., 1957. 48 pp. 18 refs. Measurements of 
heat transfer from cylinders placed normal to an 
air stream have been made in the Reynolds Num- 
ber range from 0.01 to 140. The results lead to 
two-dimensional heat-transfer relations which dif- 
fer significantly from existing relations for Reyn- 
olds Numbers below those at which a vortex street 
is formed. The interaction between free and 
forced convection is discussed and an approximate 
criterion for the onset of buoyancy forces is obtain- 
ed in a particular case. For cylinders of very 
small diameter "temperature jump" reduces the 
heat-transfer coefficient below the continuum value 
at the same Reynolds Number. 


VTOL & STOL 


EXPERIMENTAL INVESTIGATION OF THE 
AERODYNAMICS OF A WING IN A SLIPSTREAM. 
M. E. Brenckmann. J. Aero. Sci., May, 1958, 
pp. 324-328. Study to determine the spanwise 
distribution of the lift increase due to slipstream 
at different angles of attack of the wing, and at 
different free stream to slipstream velocity ratios. 
An evaluation of various theoretical approaches is 
given. The total added lift due to the passage of a 
slipstream appears to consist of two parts, adi- 
rect "potential flow lift," and an indirect 'de- 
stalling lift.'' The potential flow lift is correlated 
with an existing slender body theory. An empiri- 
cal evaluation of the destalling effects for specific 
configuration of the experiment is made. 
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AN SSSR Otd. Tekh. Nauk Izv., Nov., 1957, pp. 
137-147. In Russian. Theoretical and experi- 
mental investigation of the stability of a thin 
cylindrical shell with nondeformable edges in the 
case of normal pressure and torsional moments 
acting simultaneously. 


Carrying Capacity of an Elastic-Plastic Cylindri- 
cal Shell with Linear Strain-Hardening. G. 
Hodge, Jr., and S. V. Nardo. (ASME Annual 
Meeting, New York, Dec. 1-6, 1957, Paper 57— 
A-5.) J. Appl. Mech., Mar., 1958, pp. 79-85. 
13 refs. ONR-supported derivation of an approx- 
imate solution using the principle of minimum 
potential energy for the stress resultants, dis- 
placements, and maximum load. 


O Napriazhennykh Sostoianiiakh v Dlinnoi 
Tsilindricheskoi Obolochke. Khuan Ke-Chzhi. 
Prikl. Mat. i Mekh., Nov.-Dec., 1957, pp. 843- 
845. In Russian. Application of the Golden- 
weiser method for the asymptotic integration of 
equations in the theory of elastic shells to the case 
of a long cylindrical shell. 


Napriazhennoe Sostoianie Bezmomentnykh 
Tsilindricheskikh Obolochek pri Bol’shykh De- 
formatsiiakh. A. S. Grigor’ev. Prikl. Mat. i 
Mekh., Nov.-Dec., 1957, pp. 827-832. In Rus- 
sian. Calculation of the state of stress of mo- 
mentless cylindrical shells in the case of large de- 
formations. 


Elasticity & Plasticity 


O Plasticheskoi Deformatsii pri Slozhnom Na- 
gruzhenii. Sh. N. Kats and L. M. Kachanov. 
AN SSSR Otd. Tekh. Nauk Izv., Nov., 1957, pp. 
172, 173. In Russian. Discussion of the prob- 
lem of plastic deformation in the case of complex 
loads. 


The Relaxation Wave Following a Sudden In- 
cision in a Stressed Elastic Body. A. W. Maue. 
(ZAMM, No. 1/2, 1954, pp. 1-12.) Gt. Brit., 
RAE Lib. Transl. 701, Nov., 1957. 19 pp. 


Spherical Symmetry in the Theory of Elasticity. 
F. Goded. (ASME Annual Meeting, New York, 
Dec. 1-6, 1957, Paper 57—A-119.) J. Appl. 
Mech., Mar., 1958, pp. 136-140. 10 refs. Study 
of the common characteristics of both plane and 
axial symmetry, and an analysis of the possible 
existence of further analogous symmetries, in 
particular, spherical symmetry. 


Three-Dimensional Stress Concentrations in 
the Theory of Elasticity. Eli Sternberg. Appl. 
Mech. Rev., Jan., 1958, pp. 1-4. 63refs. Review 
of the literature on the analytical treatment of 
stress concentrations within the linear equilib- 
rium theory of homogeneous and isotropic elastic 
media. 


Plates 


Ob Uravneniiakh Teorii Izgiba Plastinok. B. 
F. Vlasov. AN SSSR Otd. Tekh. Nauk I2v., Dec., 
1957, pp. 57-60. In Russian. Derivation of 
equations in the theory of plate bending based on 
previous research. 

O Ravnovesii Gibkikh Plastinok za Predelom 
Uprugosti. Iu. R. Lepik. Prikl. Mat, i Mekh., 
Nov..Dec., 1957, pp. 833-842. In Russian. 
Study of the equilibrium of elastic plates beyond 
the elasticity limit. 


Polzuchest’ Polukol’tsevykh Plastin. P. Ia. 
Boguslavskii. Teploenergetika, Feb., 1958, pp. 
56-61. In Russian. Development of a method 
for the calculation of creep in semicircular plates. 


Bending of an Elastically Restrained Circular 
Plate Under Normal Loading Over a Sector. W. 
A. Bassali and R. H. Dawoud. (ASME Annual 
Meeting, New York, Dec. 1-6, 1957, Paper 57— 
A-8.) J. Appl. Mech., Mar., 1958, pp. 37-46. 
11 refs. Application of the complex variable 
method to find the deflection, bending and twist- 
ing moments, and shearing forces at any point of a 
thin circular plate normally loaded over a sector 
and supported at its edge under a general condi- 
tion including the usual clamped and simply sup- 
ported boundaries. 


_ Stress Distribution Around a Circular Inclusion 
in a Semi-Infinite Elastic Plate. E. M. Saleme. 
(ASME Annual Meeting, New York, Dec. 1-6, 
1957, Paper 57—A-18.) J. Appl. Mech., Mar., 
1958, pp. 129-135. 


On Finite Expansion of a Hole in a Thin Infinite 
Plate. P. G. Hodge, Jr., and R. Sankaranara- 
yanan. Quar. Appl. Math., Apr., 1958, pp. 73-80. 
ONR-sponsored presentation of a complete solu- 
tion for all values of applied pressure in the ex- 
pansion of a hole of zero radius in an initially uni- 
form infinite sheet. It is shown that the results 
are applicable to the expansion of a finite hole in a 
uniform sheet and to the expansion of a hole in a 
tapered sheet. 


Testing Methods 


Photoelastic Investigation of Stresses in Com- 
posite Models with Notches and Holes. Heihachi 
Shimada. Brit. J. Appl. Phys., Jan., 1958, pp. 
34-37. Tests carried out under tension and bend- 
ing on an apoxy resin bar stiffened with duralumin 
Strips. Graphs are presented for the deduction 
of the stress-concentration factors from those in 
similar unstiffened bodies. 


Thermal Stress 


Thermal Stresses in Transversely Isotropic 
Semi-Infinite [Elastic Solids. Brahmadev 
Sharma. (ASME Annual Meeting, New York, 
Dec. 1-6, 1957, Paper 57—A-22.) J. Appl. 
Mech., Mar., 1958, pp. 86-88. 


Some Effects of Kinetic Heating on the Stiff- 
ness of Thin Wings. II. S. L. Kochanski and J. 
= Argyris. Aircraft Eng., Mar., 1958, pp. 82- 


Final Report on Investigations Conducted at 
the Polytechnic Institute of Brooklyn on Stresses 
in Structural Elements in the Presence of Creep. 
Polytech. Inst. Bklyn., Dept. Aero. Eng. & Appl. 
Mech., PIBAL Rep. 418 (AFOSR TR 58-12) 
[AD 148092], Jan., 1958. 7 pp. 


Tubes 


Coiled Stainless Steel Tubing. II—Design 
Manual. R. D. Stouffer, J. T. Hudson, and L. 
F. Freitag. USAF WADC TR 57-507, Pt. Il 
[AD 142253], Dec., 1957. 41 pp. 


_ Axial-Temperature-Gradient Bending Stresses 
in Tubes. ammitt. (ASME Annual 
Meeting, New York, Dec. 1-6, 1957, Paper 57— 
A-13.) J. Appl. Mech., Mar., 1958, pp. 109- 
114. Study of the bending stresses induced in a 
thin-walled tube adjacent to a joint between the 
tube and a heavier section by an axial temperature 
gradient imposed along the assembly. 


Weight Analysis & Control 


The Economic Value of Weight Saving. J. C. 
Dykes. The Aeroplane, Feb. 28, 1958, pp. 294- 
298. Investigation of the effect of structural 
weight saving in transport aircraft, with particular 
reference to the application of titanium bolts and 
nuts. 


Wings 

Determination of the Stress Distribution in 
Reinforced Monocoque Structures. II—A The- 
ory of Swept Wings Where the Ribs Are in the 
Line of Flight. Appendix I—Determination of 
the Stress Distribution. Appendix II—Condi- 
tion for Zero Warping of the Ribs in the Shell 
Model. Appendix III—Specialisation of the 
Equations for the Unswept Wing. Appendix IV 
—Numerical Procedure for Evaluation of the 
Stress Distribution and Defiections. Appendix 
V—Numerical Illustrative Example. Appendix 
VI—tTests on a Cellulose-Nitrate Model Swept 
Wing. Appendix VII—Solution of the Funda- 
mental Equations for the Skin-Stringer Combina- 
tion When the Rib Flanges Are Inextensional. 
Appendix VIII—That the Equations of Compati- 
bility Are Consistent with the Strain Energy Being 
Rendered a Minimum. L. S. D. Morley. Gi. 
Brit., ARC R&M 2967 (Nov., 1952) 1957. 51 pp. 
BIS, New York, $2.70. 


Thermodynamics 


An Overall Test of Equations of State of Fluids. 
N. Davy and Barbara M. Bell. Brit. J. Appl. 
Phys., Jan., 1958, pp. 27-30. Theoretical inves- 
tigation based on data obtained for carbon di- 
oxide, with special consideration of van der Waal’s 
equation. A set of graphs at various constant 
temperatures or pressures is presented. 


A Preliminary Study of Vortex-Boiling Burnout 
Heat Fluxes. W.R. Gambill and N. D. Greene. 
Jet Propulsion, Mar., 1958, pp. 192-194. Experi- 
mental investigation of flow of a swirling or whirl- 
ing fluid from one end of a tube to the other. 


Vortex Tube Performance Data Sheets. R. 
Westley. Coll. of Aeronautics, Cranfield, Note 
No. 67, July, 1957. 37 pp. Presentation of data 
which are intended as an aid to the design of 
vortex tubes with given characteristics and pro- 
vide the optimum values of the tube parameters 
giving maximum temperature drops. 


Combustion 


Combustion - An Aeronautical Science. H.W. 
Emmons. (Minta Martin Aeronautical Lecture, 
Mar., 1958.) IAS, SMF Fund Paper No. FF-19, 
1958. 36 pp. 11 refs. Members, $0.75; non- 
members, $1.25. Discussion of the nature of the 
problems posed by combustion processes and ex- 
amination of their present status in terms of the 
factors which currently limit man’s ability to un- 
derstand and predict nature. 


A Study of Sampling of Flame Gases. C. Hal- 
pern and F. W. Ruegg. J. Res., Jan., 1958, pp. 
29-37. 20 refs. NavBuAer-sponsored experi- 
mental investigation using water-cooled probes of 
internal diameter of 0.027 to 0.070 cm. in order to 
determine the effect of sampling conditions on 
concentrations of CO, COs, He, and H20. 


Burning Rate Studies. III—Correlation of 
Experimental Results with the Thermal Model. 
D. L. Hildenbrand and W. P. Reid. Jet Propul- 
sion, Mar., 1958, pp. 194-196. Comparison of 
condensed phase temperature distributions, de- 
termined experimentally from several burning 
liquid systems, with distributions predicted for 
various modifications of the thermal combustion 
model, 
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for graduate engineers 
interested in acquiring 


SYSTEMS 
EXPERIENCE 


Through intensive formal training 


= -and assignments of one to two years 


duration, Hughes Field Engineers 
obtain an over-all knowledge of the 
most advanced airborne electroni 

weapons systems in tactical use and 
under development. They become 
familiar with complete systems, in- 
cluding digital computers, microwave 
equipment, high gain parabolic an- 
tennas and analog computers in their 


operational development. 


accredited. universities may in 


~ gate by writing: 


HUGHES._ 


Scientific and Engineering Staff 


RESEARCH & DEVELOPMENT 
LABORATORIES 


Hughes Aircraft Company 
Culver City, California 
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AERODYNAMICISTS & STRUCTURES ENGINEERS 


VERTICAL TAKE-OFF... 


new Landmark 
of Aviation Progress 


Bell Aircraft now presents the opportunity to be 
associated with the development of high- perform- 
ance, jet aircraft which will take off aa land verti- 
cally in a conventional attitude. Two test vehicles, 
one of them the X-14, have been flown successfully, 
and an operational aircraft is now being designed 
for the United States Navy. 


Expansion of this VTOL program has created open- 
ings for experienced aerodynamicists and structures 
engineers with experience in these fields: 


@ Structural Design and Analysis 

@ Fiutter and Vibration 

@ Flight Control Systems 

@ Propulsion Systems Design and Analysis 
@ Armament and Installation Layout 


Here are challenging. long-range opportunities to 
participate in the production of the planes of tomor- 
row. Salaries commensurate with your 
background, good living and working 
conditions, and liberal benefits. Please 
write: Supervisor of Engineering Employ- 
ment, Dept. A-29, BeLt AIRCRAFT CORPORATION, 
P. O. Box 1, Buffalo 5,N. Y. 


Aero Space Engineering 


Ob Ustoichivosti Rasprostraneniia Plameni. 
G. I. Barenblatt and Ia. B. Zel'dovich. Priki 
Mat. i Mekh., Nov.-Dec., 1957, pp. 856-859. 
12 refs. In Russian. Calculation of the sta- 
bility of the flame-propagation ratio, including 
evaluation of Rosen’s approach. 


Heat Transfer 


Vliianie Temperaturnogo Faktora na Teploot- 
dachu pri Turbulentnom Téchenii Gaza v Tru- 
b: . N.I.Ivashchenko. Teploenergetika, Feb., 
1958, pp. 72-75. In Russian. Experimental re- 
sults covering the effect of the temperature factor 
on heat transfer in the case of a turbulent gas flow 
in pipes. 


Heat Transfer in Turbulent Pipe Flow. R. 
Hunziker. (Reed Res., Inc., RR-1167-B N 1, 
1957.) Franklin Inst. J., 1958, pp. 
205-225. 38 refs. 


On the Stagnation of Natural-Convection Flows 
in Closed-End Tubes. Simon Ostrach and P. R. 
Thornton. (ASME Semi-Annual Meeting, San 
Francisco, June 9-13, 1957, Paper 57-SA-2.) 
ASME Trans.,Feb., 1958, pp. 363-366. Analysis 
showing that for a given relation between the two 
physical parameters (linear wall temperature and 
large but finite length-radius ratio) the flow fills 
the entire tube length 


The Heat-Balance Integral and Its Application 
to Problems Involving a Change of Phase. T. R. 
Goodman. ASME Trans., Feb., 1958, pp. 335- 
342. USAF-supported presentation of a mathe- 
matical technique using the heat-balance inte- 
gral for solving the location of the melt line in heat- 
conduction problems. The solutions are given 
in graphical form. 


Heat Transfer Between a Flat Plate and a 
Fluid Containing Heat Sources. I. R. White- 
man. (ASME Semi-Annual Meeting, San Fran- 
cisco, June 9-13, 1957, Paper 57-SA-4.) ASME 
Trans., Feb., 1958, pp. 360-362. Extension of 
the Leveque solution for the case of a fluid flow- 
ing past a flat plate in order to include the pres- 
ence of heat sources; presentation of an expres- 
sion obtained by certain approximations for the 
heat flux through the plate for a given plate tem- 
perature and source; and an expression for the 
plate temperature for a given heat flux and 
source, 


Transient Free Convection from a Vertical Flat 
Plate. Appendix I—Derivation of Characteristic 
Equations. Appendix II—Velocity Profile for 
Initial One-Dimensional Stage of Motion with 
Uniform Heat Flux. Robert Siegel. (ASME 
Semi-Annual Meeting, San Francisco, June 9-13, 
1957, Paper 57-SA-8.) ASME Trans., Feb., 
1958, pp. 347-357. 13 refs. Discussion, pp. 
358, 359. Solution of the time-dependent free- 
convection equations of momentum and energy 
placed in integral form (Karman-Pohlhausen 
method), using the method of characteristics. 


Vliianie Radial’nogo Gradienta Temperatur na 
Dorfman. AN SSSR Otd. Tekh. Nauk T20., 
Dec., 1957, pp. 64-66. In Russian. Study of the 
effect of the radial temperature gradient on heat 
emission of a rotating disc when the temperature 
of the disc and that of the environmental media 
are kept constant along the radius. 


Laminar Mass and Heat Transfer from Ellip- 
soidal Surfaces of Fineness Ratio 4 in Axisym- 
metrical Flow. Shao-Yen Ko and H. H. Sogin. 
(ASME Semi-Annual Meeting, San Francisco, 
June 9-13, 1957, Paper 57-SA-44.) ASME 
Trans., Feb., 1958, pp. 387-390. Determination 
of the mean coefficients of heat transfer from the 
nose-pieces of ellipsoid-cylinders to air in the 
case of axisymmetric flow. 


K Opredeleniiu Koeffitsientov Teploob v 
Sloe Zernistogo Materiala. N. M. Karavaev 
and V. P. Maikov. AN SSSR Otd. Tekh. Nauk 
Izv., Nov., 1957, pp. 69-74. In Russian. Evalu- 
ation of methods for the determination of the 
heat-exchange coefficient between a gas and a 
grain material. 


VTOL & STOL 


“L’Atar Volant,’’ Appareil Expérimental de 
Décollage et [d’]Atterrissage a la Verticale. G. 
Ernst. Flugwehr & -Technik, Jan., 1958, pp. 
18-20. In French. Design and description of 
the Atal Volant, the French VTOL & STOL test 
vehicle. 


The Evolution of the Ryan Vertijet. Esso Ai 
World, Nov.-Dec., 1957, pp. 74-78. Discussion 
of the first complete flight sequence of the X-13 
Vertijet. 


Principi Concettuali per il Decollo Verticale 
degli Aeromobili. G. B. Nicold. Riv. Aero., 
Dec., 1957, pp. 1,489- 1,513. In Italian. Dis- 
cussion of basic principles of VTOL flight, includ- 
ing the problems of stability and control and a 
classification of VTOL types. 


Stability and Control Characteristics of the 
Vertical Attitude VTOL Aircraft. E. R. Hinz 
(CAI-IAS Joint Meeting, Montreal, Oct. 21, 22, 
ape Can. Aero. J., Feb., 1958, pp. 52-62. 
11 refs. 


(Continued on page 131) 
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IAS News (Continued from page 26) 


was with the Curtiss-Wright Corporation 
as Assistant Chief Engineer, Design, 
Wright Aeronautical Division. 

Capt. Howard T. Orville (M), USN 
(Ret.), has been named Vice-President, 
Beckman & Whitley, Inc., San Carlos, 
Calif. Captain Orville had been a 
Technical Consultant for Bendix Aviation 
Corporation, Friez Division. 

William M. Richardson (M) has been 
named Assistant to the Vice-President 
and will head the Washington office of 
BJ Electronics, Borg-Warner Corp. Mr. 


News 


Richardson formerly was The Ramo- 
Wooldridge Corporation’s Washington 
Representative. 


Warren P. Turner (A) has been named 
Special Assistant to Dr. L. Kermit Hern- 
don, Vice-President, High Energy Pro- 
pellants Division, Olin Mathieson Chemi- 
cal Corporation. Mr. Turner formerly 
was Director, Applications Engineering 
and Contracts Division, Reaction Motors, 
Inc. 


Capt. Vadym V. Utgoff (M), Operations- 
Plans Officer, Staff of Commander, Fleet 
Air Whidbey, is now Director, Weapons 
Development and Evaluation Laboratory, 
Naval Proving Ground, Dahlgren, Va. 


Corporate Member News 


e Aerojet-General Corporation has an- 
nounced the appointment of Jack M. 
Beauchamp, former corporate representa- 
tive in the Northeastern states and Eastern 
Canada, as Director of Field Service. 
Brig. Gen. Richard W. Hayward, USMC 
(Ret.), has joined the firm and will assist 
in the planning and design of the Pacific 
Missile Range. 

e Aluminum Company of America has 
named Frederick J. Close General Man- 
ager of the Sales Development and Com- 
mercial Research Divisions. 

e American Airlines, Inc., has announced 
the election of William. J. Hogan, Execu- 
tive Vice-President—Finance and Plan- 
ning, and Charles A. Rheinstrom, Ex- 
ecutive Vice-President—Sales, to the Board 
of Directors. 


e American Steel & Wire Division, United 
States Steel Corporation, has announced 
the promotion of Edward A. Murray to 
Assistant Vice-President—Sales. He 
formerly was Sales Manager, Chicago 
District. 


e Bendix Aviation Corporation, Pacific 
Division, has announced the appointment 
of Edward L. Nolan, as Radar Applica- 
tions Engineer. 

e The Bristol Aeroplane Company (U. S. 
A.) Inc. has announced the appointment 
of William O. Bergstrom as President 
and John M. Fitzgibbons as Secretary- 
Treasurer of Bristol-ACES, Inc., a new 
firm organized to operate a repair and over- 
haul base at Miami, Fla., for Bristol-built 
turbines. 


¢ Chance Vought Aircraft, Incorporated, 
has been awarded the Navy Certificate of 
Merit for outstanding services in the field 
of aircraft design and production, accord- 
ing to the firm. 


© Curtiss-Wright Corporation has an- 
nounced the merger of sales forces and 
allied functions of its subsidiary, Cana- 
dian Curtiss-Wright, Limited, and the 
Electronics Division to handle sales and 
service responsibilities in the United 
States. 


® Douglas Aircraft Company, Inc., has 
formed an engineering council with Arthur 
E. Raymond, Engineering Vice-President, 
asChairman. Douglas says members will 
be the heads of six company divisions: 


E. F. Burton, Santa Monica; E. H. Heine- 
mann, El Segundo; Elmer P. Wheaton, 
Missiles; C. C. Wood, Long Beach: C. 
H. Strang, Tulsa; and R. L. Hoskinson, 
Testing. The council will meet monthly 
“to meet the challenge of current and 
future programs of manned and unmanned 
flight ....’’ The firm also announced the 
appointment of Richard J. Davis as 
Washington, D.C., Public Relations Rep- 
resentative. 


@ Fairchild Camera and Instrument Cor- 
poration reports that Brig. Gen. Edwin M. 
Day, USAF (Ret.), has joined the firm as 
a member of the staff of President John 
Carter. 


e@ Federal Telecommunication Labora- 
tories, Division of International Telephone 
and Telegraph Corporation, has announced 
an automatic caption writer for use by the 
Air Force in aerial photography. Known 
as the digital data recording device, it 
records in code the location, speed, alti- 
tude, and other data directly on the film, 
the firm claims. 


e The Garrett Corporation has named 
John Mason, formerly Senior Project 
Engineer, to the post of Chief, Preliminary 


Design, AiResearch Manufacturing Di- 
vision, Los Angeles. 

e@ General Electric Company, Apparatus 
Sales Division, has announced the appoint- 
ment of Joseph D. Thompson as Man- 
ager—Aircraft Instrument Engineering, 
Instrument Department .... Defense 
Electronics Division has named Harry 
LeVine, Jr., Department Counsel; Ray 
E. Horner, Manager, Sidewinder Project; 
J. A. Cadwallader, Manager—Finance; 
and H. E. Rice, Manager—Marketing— 
all in the Light Military Electronic Equip- 
ment Department. The division’s Heavy 
Military Electronic Equipment Depart- 
ment has named Thomas I. Paganelli 
head of a project team to supervise en- 
gineering, production, and installation of a 
super radar system for the Air Force. He 
is Manager—Missile Detection Systems 
Section. 

e@ General Precision Equipment Corpora- 
tion, Kearfott Company, Inc., has _ es- 
tablished a Microwave Division at the Van 
Nuys, Calif., facility of its Western Divi- 
sion, with George H. Singer as General 
Manager; A. L. Lisle, Sales and Contracts 
Manager; and W. A. Hughes, Chief En- 
gineer ... . Librascope, Incorporated, Bur- 
bank Division, has moved into new facili- 
ties at 40 E. Verdugo Ave. Arthur L. 
Munzig, Jr., has been named Sales Man- 
ager—Commercial Division. 

e Lear, Incorporated, has announced es- 
tablishment of a new division, named Lear 
Astronics Division, in Santa Monica, 
Calif. James P. Brown has been named 
General Manager. 

e Marquardt Aircraft Company reports 
that Roger E. Matzdorff and Clifford E. 
Newberry received the SAE’s 1957 Manly 
Memorial Award (for a technical paper). 
Mr. Matzdorff is Manager—Aerothermo- 
dynamics Department, Controls and Acces- 
sories Engineering Division. Mr. New- 
berry is Project Engineer, Inlet Controls, 
same division. 

e Minneapolis - Honeywell Regulator 
Company, Aeronautical Division, has 
named James F. Healey and Robert E. 
Clifford to new positions in the sales de- 
partment—Director of Marketing and 


Bell Helicopter Corporation's first HTL-7 integrated instrument helicopter trainer is undergoing flight 
tests for the Navy. Design lines are the same as those of the Bell HUL-1 with the exception of the 
cabin where dual controls and side-by-side seating for the student and instructor are provided. The 
engine is a 260-hp. Lycoming VO-435 
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Planning and Manager of the Airborne Sys- 
tems Project, respectively. Other ap- 
pointments include Raymond J. Condon, 
Eastern Sales Manager, Military Products 
Group; and Russell H. Whempner, 
Western Sales Manager. 


© North American Aviation, Inc., says that 
the X-15 is being built of a new stainless- 
steel alloy and is a ‘‘pencil-thin ship with 
wings like cleaver blades and which has 
stubs of control surfaces and a ventral 


fin.”’ 


© Northrop Aircraft, Inc., has announced 
the appointment of Tom McCracken to 
coordinate long-range production planning 
for the T-38. The company also has ini- 
tiated an aid to higher education program 
offering financial assistance to engineering 
students and to privately endowed colleges 
and universities. 

© Pesco Products Division, Borg-Warner 
Corporation, has acquired Precision En- 
gineering and Gear Company, Hialeah, 
Fla., with Edmund W. Guyer as General 
Manager and Jay R. Gill as Sales Man- 
ager. It will be operated as a Pesco 
branch. 


© The Ramo-Wooldridge Corporation has 
changed the name of its Electronic In- 
strumentation Division to the Electronic 
Instrumentation Company, a division of 
The Ramo-Wooldridge Corporation. In 
addition, J. Warren Gillon has been ap- 
pointed Manager—Customer Relations, 
and Edward J. Masline, Assistant Head 
of Customer Relations. 


e Republic Aviation Corporation has an- 
nounced the appointment of George H. 
Hauser as Assistant to the President. 
William E. Cobey has been named Di- 
rector, Helicopter Engineering, Helicopter 
Division; and Willis L. Littleford and 
Marvin R. Parker has been named divi- 
sion Sales Representatives. 


e@ Servomechanisms, Inc., has announced 
plans to expand the firm’s Research Lab- 
oratory at Goleta, Calif. 


e Shafer Bearing Division, Chain Belt 
Company, reports that it has begun opera- 
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tions in a new addition to its Downers 


Grove, plant. The 88,000-sq.ft. 
building includes a general office, machine 
shop, and grinding and heat-treating de- 
partment, as well as raw material stores, 
receiving, shipping, and automatic de- 
partments. 


e Thiokol Chemical Corporation has 
bought the Hunter-Bristol Corporation, 
an engineering and manufacturing service 
organization with emphasis on ground 
handling and other support equipment for 
aircraft and missile engines. It will 
operate as the Hunter-Bristol Division 
with Charles E. Hunter as General Man- 


tas News 


ager and Raymond R. Wiese as Assistant 
General Manager. 

@ United Aircraft Corporation... Pratt & 
Whitney Aircraft division has announced 
the election of Wright A. Perkins to the 
post of Vice-President for Engineering, 
and Leonard C. Mallet to General Man- 
ager, Connecticut operations .... Hamil- 
ton Standard division has appointed 
Donald Millenson Project Engineer, Mis- 
sile Development. 

e Vertol Aircraft Corporation has begun 
ground tests on its new Model 107, pow- 
ered by two Lycoming T-53 engines, the 
firm announced. 


IAS Sections 


Detroit Section 


Small Gas Turbines 
Symposium Draws 250 


Some 250 members and guests attended 
this Section’s Second Annual Symposium 
on Small Gas Turbines, February 25. 

Sven Holm spoke on ‘‘Compact Heat 
Exchangers for Gas-Turbine Plants With 
Special Emphasis on Application to Small 
Engines.’’ He is a member of the Ferro- 
therm Company. 

Henry W. Flohr discussed ‘‘Recent Ad- 
vances in the Aerodynamic Design of 
Axial Machinery.”’ He is an Aeronautical 
Research Scientist at NACA Lewis 
Flight Propulsion Laboratory. 

Mr. Holm discussed different types of 
heat exchanger from the standpoint of de- 
sign and application. His talk was sup- 
plemented with slides and a complete dis- 
play of heat-transfer hardware. 

Mr. Flohr spoke about recent work in 
utilizing transonic flow in axial compres- 
sors. He described design requirements, 
a design procedure, and test results of the 
applied procedure. 

Local manufacturers provided exhibits 


The Sound Control Department of Koppers Company, Inc., has announced the successful testing of 
the firm's new portable jet aircraft silencer at Patuxent River Naval Air Station. 
firm's Metal Products Division, the silencer is said to reduce jet-engine noise level by 35 db. 


Developed by the 


of products and services for small gas 
turbines. 
RICHARD CHUTE, Secretary 


Hampton Roads Section 
Navy’s Unique Aircraft Needs 


Vice-Adm. James S. Russell, USN, 
Deputy Commander in Chief, Atlantic 
Fleet, spoke March 4 on ‘*Development 
and Procurement of Naval Aircraft.’’ 

Admiral Russell said the variety of naval 
aircraft missions and the operational en- 
vironment of naval aircraft dictate design 
conditions not found in other aircraft. 
He then gave examples to illustrate this 
statement and to explain current design 
philosophy. 

About procurement he said the Chief 
of BuAer leads three lives. He must for- 
mulate a budget for the next year, fight 
for the current budget before Congress, 
and attempt to operate the Bureau off 
the cuff because he cannot free funds 
authorized by the last budget. 


A. HUNTER, Secretary 


Indianapolis Section 
Test Pilot Describes 
F-101 Characteristics 


Some 70 members and guests heard 
D. H. Stuck discuss the ‘‘Flying and Op- 
erational Aspects of the McDonnell F-101 
Airplane’’ at the March 3 meeting. Mr. 
Stuck is a McDonnell Aircraft Corpora- 
tion test pilot. 

He compared this aircraft to similar 
types he was familiar with from Air Force 
experience and outlined the  F-101’s 
role in the USAF inventory of combat 
aircraft. Mr. Stuck also showed two 
films, Sun-Ray and Firewall. 


R. J. H. BoLvarp, Secretary 


Kansas City Section 
TWA’s Transition to Jet Transports 


The problems of an airline preparing for 
jet-transport operations were discussed by 
Al Jordan in a talk titled ‘‘Bring on the 
Jets’? on March 25. Mr. Jordan, Director 
of Production, Trans World Airlines, Inc., 
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substituted for Ray Dunn, TWA Vice- 
President— Maintenance and Stores. 

He presented a slide-illustrated review 
of TWA’s transition to jet operations. 
After the discussion some 80 members 
separated into groups to visit TWA 
overhaul facilities. 

During the business portion of the meet- 
ing, a report was given on the Graduate 
Fellowship Committee’s plan to send to 
the University of Kansas a graduate stu- 
dent in the field of aeronautical engineer- 
ing. 


USAF Academy's Aims 


The organization and objectives of the 
Air Force Academy were discussed by 
Lt. Col. Gearhardt C. Clementson, Pro- 
fessor of Aerodynamics, at the February 
25 meeting. His talk was titled ‘U.S. 
Air Force Academy Scientific and Engi- 
neering Program.’’ 

The academic program and curriculum 
were explained, and the origin of the Acad- 
emy was reviewed. 

Colonel Clementson also showed slides 
of the facility’s final site and buildings 
under construction. 


J. R. MacPuHerson, Secretary 


Los Angeles Section 


Minta Martin Lecture 
Given by Professor Emmons 


‘“‘Combustion—An Aeronautical Sci- 
ence’’ was discussed by H. W. Emmons, 
1958 Minta Martin Lecturer, on March 20. 

Dr. Emmons traced development of 
combustion science from its early stages 
as a “controlled explosion” to its current 
contribution to rocket and missile tech- 
nology. 
> A panel of speakers discussed ‘‘Aero- 
dynamics at Extreme Altitudes’? on March 
11.. On the panel were W. W. Kellogg, 
C. Gazely, Jr., and A. F. Charwat. 

They summarized the state of knowledge 
and current research in this field and con- 
cluded with conjecture and ‘predictions 
about future thin atmosphere aeronautics. 
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Harold Vagtborg, President, Southwest Research Institute (standing) gave a talk en- 
titled “Beaten Paths Are for Beaten Men” before the San Antonio Section on March 14. 
Section Chairman Col. Leigh H. Hunt and Mrs. Vagtborg are seated. 


> On February 25, Lloyd E. Kaechele 
spoke on ‘Minimum Weight Design of 
Sandwich Panels.”’ 

Mr. Kaechele gave a short introduction 
to methods of optimum structural design 
and followed it with illustrations of means 
for applying approximations of these meth- 
ods to the simply supported sandwich 
panel, 
> Joseph Kaplan discussed the “Interna- 
tional Geophysical Year’’ at the February 
dinner meeting. Dr. Kaplan is IGY 
Program Director. 

He covered the use of rockets and satel- 
lites, information obtained to date, and 
anticipated remaining projects. 


D. H. Moran, Secretary 


Philadelphia Section 
G-E Engineer Predicts 
Varied ANP Aircraft 


More than 100 members and guests 
heard Erwin B. Delson discuss ‘‘Aircraft 
Nuclear Propulsion’? at the March 5 
meeting. Mr. Delson is a member of 
General Electric Company’s ANP De- 
partment. 

He discussed shielding concepts dic- 
tated by missions and predicted airborne 
missile launchers, tankers, bombers, mis- 
siles, and space vehicles powered by vari- 
ous nuclear-conventional engine con- 
figurations. 

He said nuclear propulsion will provide 
mobile bases of large payload capable of 
unlimited duration and range. 


W. WE LsH Gopon, Secretary 


St. Louis Section 


Missiles or Aircraft? 
Navy Favors Both 


‘‘Manned Aircraft vs. Guided Missiles’ 
was discussed by Rear Adm. John T. 
Hayward at a joint meeting with the 
American Rocket Society branch on 
February 19. He is Assistant Chief, 
Naval Operations (R&D). 

His talk centered on this comment, “It 


would be foolish and fatal for our country 
to assume we need only one or even a few 
types of military weapons and weapons 
systems. We must never assume the 
enemy will use one weapon or one 
strategy.” He said both manned _air- 
craft and guided missiles have their place. 


H. H. Luetyen, Secretary 


Tulsa Section 
Student Papers 


Undergraduates of universities in the 
Tulsa area were invited to read original 
papers by the Section’s Student Activities 
Committee on March 11. Although the 
students were in competition, this was not a 
part of the National Minta Martin Stu- 
dent Paper Competition. Allan McCas- 
kill’s Student Activities Committee ar- 
ranged it on the Section level to encourage 
young engineers’ professional develop- 
ment. 

The winning paper was ‘The Jet-Pro- 
pelled Propeller’? by Ben Leland, a senior 
at the University of Tulsa. Second place 
went to Allan White, also a Tulsa senior, 
for his paper ‘‘Investigation of Rocket 
Engine Cooling by the Evaporation of 
Liquid Oxygen.’”’ Armen Melikian of 
Oklahoma State University won third 
place for his résumé of aviation history and 
discussion of space flight problems titled 
‘‘Beyond the Cradle.” 


Bruce D. Oxson, Recording Secretary 


Washington Section 
Space Propulsion Systems 


John L. Sloop, Chief, Rocket Engine 
Branch, NACA Lewis Laboratory, spoke 
on ‘fRocket Propulsion Requirements for 
Satellite and Moon Missions’ at the 
February 11 meeting. 

Mr. Sloop outlined some propulsion 
problems from the view of accelerating 
usable large payloads to velocities needed 
for space travel. He also discussed ad- 
vantages and disadvantages of current 
high-energy propellants, their use and 
propulsive capabilities, and nuclear rocket 
and electrical propulsion systems. 


General Cook Says 
Give NACA Space Job 


General Orval R. Cook and A. J. Hayes 
presented a picture of ‘The Changing Air- 
craft Industry’? on January 14. General 
Cook is President, AIA. Mr. Hayes is 
International President, International As- 
sociation of Machinists. 

The retired Air Force Commander said 
the NACA should be given the job of 
accelerating space travel efforts. The 
staffing of a new agency, he warned, 
would make serious inroads on the scarce 
supply of highly specialized scientific 
and engineering talents available. 

Mr. Hayes, representing the bargaining 
organization for more than 300,000 air- 
craft industry employees, advocated con- 
serving the supply of skilled and trained 
craftsmen. He deplored the periodic rise 


and decline of training and hiring, re- 
ferring to it as a constant turmoil. 


FLoyp J. SWEET, Secretary 
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. . . in the field of aeronautical engineering and space technology 


AERODYNAMICS 


Advanced Fluid Mechanics. R. C. Binder. 
Englewood Cliffs, N.J., Prentice-Hall, Inc., 1958. 
Vol. 1, 296 pp., illus., diagrs., tables. Vol. 2, 
297 pp., diagrs., tables. $6.75 per vol. 

Extending the author’s earlizr work, Fluid 
Mechanics, these texts were written to fill the gap 
between elementary study and advanced problems 
and reference material. They cover the principles 
underlying all fluid phenomena, emphasize the 
physical concepts and basic quantitative relations 
important to practical engineering, and attempt 
to provide a balanced, practical treatment in a 
logical fashion. Certain mathematical techniques 
are introduced, but mathematics is used only as a 
language or a tool. Each volume can be studied 
separately and independently. Volume 1 is 
divided into three parts: Fluid Mechanics— 
Steady Flow; Fluid Machinery; and Unsteady 
Flow—Fluid Vibrations. Volume 2 is divided 
into four parts: General Concepts and Basic 
Relations; Steady Boundary Layer Flow; Steady 
Flow of a Frictionless Fluid; and Unsteady Flow 
—Fluid Vibrations. 

Handbook of Supersonic Aerodynamics. Com- 
piled and Edited Under Bureau of Ordnance Con- 
tract by the Aerodynamics Handbook Staff, Ap- 
plied Physics Laboratory, The Johns Hopkins 
University. Reviewing Committee: Ione D. V. 
Faro, Lester L. Cronvich, and Robert N. Schwartz 
(Chairman). (NAVORD Report 1488, Vol. 3.) 
Washington, Superintendent of Documents, 1957. 
94 pp., diagrs. $1.50. 

The present volume contains the first of three 
closely related sections, ‘‘Two-Dimensional Air- 
foils’ (Section 6), ‘‘Three-Dimensional Airfoils’”’ 
(Section 7), and ‘‘Bodies of Revolution’’ (Sec- 
tion 8). A fourth related section on wing-body 
interference (Section 9) will appear in Volume 4 
with sections on stability and control because of 
its importance to this latter subject. 

Section 6 provides two-dimensional airfoil data 
for the designer, thus serving as an introduction to 
Section 7, and includes graphs of section lift and 
drag coefficients and center of pressure as a func- 
tion of Mach Number, thickness ratio, and angle 
of attack for sharp-edged, two-dimensional airfoils. 
It also treats of symmetrical double wedge, flat 
tened double wedge, and biconvex profiles. A 
short résumé of the theories applicable to these 
airfoils is presented accompanied by a comparison 
of available experimental data with the results 
predicted by the various theories. 


Gas Dynamics. Ali Bulent Cambel and Bur- 
gess H. Jennings. New York, McGraw-Hill 
Book Company, Inc., 1958. 415 pp., illus., 
diagrs., tables. $11 

Written to serve as both a textbook and a 
reference volume, this work is an outcome of 
courses presented at the State University of lowa 
and at Northwestern University and is intended 
to provide the advanced undergraduate and the 
beginning graduate student with a foundation of 
the theory and concepts underlying compressible- 
fluid flow and combustion. The subject matter 
is particularly pertinent to the internal-flow prob- 
lems of jet engines, to rocket motors, to missiles, 
to gas turbines, and to other compressible-flow 
machinery—thus covering ac mo of special 
concern to aeronautical, chemical, and propul- 
sion engineers—and includes a discussion of high- 
velocity combustion phenomena (‘‘aerothermo- 
chemistry’’), as well as the latest measurement 
techniques and types of instrumentation per- 
tinent to the study of gas dynamics. 

Mr. Cambel is Professor and Chairman of 
Mechanical Engineering, Gas Dynamics Labora- 
tory, Northwestern University, while Mr. Jen- 
nings is Director, Research Laboratory, American 
Society of Heating and Air-Conditioning En- 
gineers. 

Transport Properties in Gases; Proceedings of 
the Second Biennial Gas Dynamics Symposium. 
Edited by Ali Bulent Cambel and John B. Fenn. 
Sponsored by American Rocket Society and 
Northwestern University; Held in Evanston, IIl., 
1957. Evanston, North- 

estern University Press, 1958. 182 pp., diagrs., 
tables. $7.50. 4 

Contents: Theories and Sources: Theories of 
Gas Transport Properties, C. F. Curtiss, J. O. 
Hirschfelder, and R. B. Bird. A Thermophysical 

operties Research Center for the Collection, 
Correlation, and Dissemination of Data and In- 
formation, Y. S. Touloukian. Determinations 


and Methodology: On the Direct Determination 
of the Viscosity of Gases at High Pressures and 
Temperatures, J. Kestin. Summary of Measured 
Thermal Conductivities and Values of Viscosities, 
F. G. Keyes. Recent Improvements in Thermo- 
conductivity Measurements and New Values for 
CO: Near the Critical Point, L. A. Guildner. 
The Measurement of Diffusion Coefficients in 
Gases and Liquids at Elevated Pressures, H. H. 
Reamer and B. H. Sage. Relaxation Times in 
Gases, M. Boudart. Solar Furnaces (Abstract), 
P. Duwez. Molecular Beam Applications to 
Transport Phenomena in Gases, I. Estermann. 
The Calculation of Transport Properties at Ele- 
vated Temperatures, C. W. Baulknight. Shock 
Wave Studies of Transport Properties in High 
Temperature Gases, S. C. Lin. Special Topics: 
The Role of Transport Properties in the Problems 
of Jet Engines and Rockets, D. R. Bartz. Trans- 
port Property Requirements in Hypersonic Aero- 
dynamics, R. Bromberg. Transport Information 
Needed in the Chemical and Process Industries, 
L. Friend. Transport Phenomena in Low- 
Density Gases, F. S. Sherman. Thermal Diffu- 
sion in Gases, S. Chapman. Determination of 
Equilibrium Infrared Gas Emissivities from 
Spectroscopic Data, S. S. Penner and A. Thom- 
son. Transport Properties of Ionized Gases in a 
Magnetic Field, M. N. Rosenbluth. Reference 
List, Joseph Hilsenrath. 


AERONAUTICS, GENERAL 


Proceedings of the Sixth AGARD General As- 
sembly, August 28-31, 1956; The Belgian 
AGARD Conference, August, 1956. Paris, 
NATO, AGARD, 1958. 104 pp., diagrs. Dis- 
tributed in the U.S. by NACA, Washington. 

Contents: Belgian Aeronautics: Past and 
Present, Jacques Ducarme. Mutual Weapons 
Development Team, T. B. Larkin. Military 
Agency for Standardization, E. M. F. Grundy. 
SHAPE, Pierre Gallois. SHAPE Air Defense 
Technical Center, C. J. Sizoo. Training Center 
for Experimental Aerodynamics, F. Haus. Air 
Research and Development Command, Don 
Flickinger. Aeromedical Panel, T. C. Macdonald. 
Combustion Panel, B. P. Mullins. Flight Test 
Techniques Panel, A. J. Marx. Wind Tunnel 
Panel, M. Roy. Structures and Materials Panel, 
L. Broglio. Documentation Committee, E. B. 
Jackson. Secretariat Report, F. L. Wattendorf. 
List of Panel Papers. 


U.S. Aviation Today, 1958. 5th Ed. Wash- 
ington, National Aviation Education Council, 
1958. 123 pp., illus., diagrs. $0.75. 

A review of achievements in aviation during 
1957, with illustrations and descriptions of both 
missiles and civil and military aircraft now in 
production. 


COMPUTERS 


Proceedings of the Fourth Annual Computer 
Applications Symposium, October 24-25, 1957. 
Sponsored by Armour Research Foundation, 
Illinois Institute of Technology. Chicago, The 
Armour Research Foundation, 1958. 126 pp., 
diagrs. tables illus., $3.00. 

‘artial Contents: A Central Computer Installa- 
tion as a Part of an Air-Line Reservations Sys- 
tem, R. A. McAvoy. Fitting a Computer into 
an Inventory-Control Problem, O. A. Kral. The 
Problems of Planning New Metropolitan Trans- 
portation Facilities and Some Computer Applica- 
tions, J. D. Carroll, Jr. Automatic Program- 
ming for Business Applications, Grace M. Hopper. 
Digital Simulation of Active Air Defense Systems, 

. P. Rich. Progress in Computer Application 
to Electrical Machine and System Design, E. L. 
Harder. The Solution of Certain Problems Oc- 
curring in the Study of Fluid Flow, L. U. Albers. 
A Dual-Use Digital Computer for Dynamic Sys- 
tem Analysis, E. H. Clamons and R. D. Adams. 
The Status of Automatic Programming for 
Scientific Problems, R. W. Bemer. Panel Dis- 
cussion. 


ELECTRONICS 


1957 National Telemetering Conference; 
Papers Presented at El Paso, Tex., May 27-29, 
1957. Sponsored by American Institute of Elec- 
trical Engineers, Institute of the Aeronautical 
Sciences, and Instrument Society of America. 
New York, Philadelphia, Published by the Spon- 


soring Societies, 1957. 196 pp., illus., diagrs., 
tables. $3.00. 

Contents: Earth Satellite Instrumentation Pro- 
gram, N. W. Matthews. Commutation and 
Nondestructive Read-Out of Magnetic Memory 
Cores in Earth Satellite, C. B. House and R. L. 
Van Allen. Earth Satellite Telemetry Coding 
System Using Transistors and Magnetic Cores, 
R. W. Rochelle. Magnetic Core Event Counter 
for Earth Satellite Memory, D. H. Schaefer. A 
Thermocouple Unit for Measuring Transient 
Temperatures at Specified Locations in Metal 
Bodies, George E. Reis, Dieter L. Rall, and 
Warren H. Giedt. Gyroscopic Instruments for 
Attitude Measurements in Free Fall Test Ve- 
hicles, Norman F. Sinnott. High Temperature 
Shock and Vibration Instrumentation, A. z 
Orlacchio and George Hiber. Performance of 
Three 500°F. Crystal Accelerometers, Wilson 
Bradley, Jr. Telemetry Techniques in Flight 
Testing of Aircraft, P. J. Sehnert. A Tubeless 
Industrial Telemeter of the Frequency Type, D. 
E. Kotas and J. Parnell. The TM-16 Telemeter- 
ing System, W. M. Larson. A Precision High 
Speed Telemetering Oscillator, D. Garshman. 
Digital Telemetering and the Time Code Sys- 
tem, Edward J. Rodatus and F. M. Lombard. 
Design and Application Notes on the Use of 
Telephone Company Facilities for Telemetering, 
J. A. Parnell. A New Approach to Hermetic Seal 
Packaging of Telemetry Equipment, Gerhard R. 
Sievers. Techniques in Environmental Packag- 
ing for Airborne Instrumentation, T. Herrmann 
and Hugh Pruss. Ceramic Slot Antennas, Bert 
J. Bittner. The Valentine Antenna, Edwin M 
Turner. A Solid State Differential D.C. Instru- 
mentation Amplifier (Abstract), George Young. 
The Application of Phase Locked Loop Discrim- 
inators for Threshold Improvement and Error 
Reduction in FM/FM Telemetry, Carl E. Gil- 
christ. Regulated Transistor Power Supplies 
for Telemetering Applications, Oscar J. Cooper. 
A High Performance Transistorized Pulse Dura- 
tion Modulator, R. G. Spearow. Microlock: A 
Minimum Weight Radio Instrumentation System 
for a Satellite, Henry J. Richter. Theoretical 
Considerations of Practical Data Transmission 
Systems, F. Mansfield Young. New Develop- 
ments and Trends in Pulse Code and Telemeter- 
ing Systems, Howard Schoenwetter. Design 
Problems of a PDM/FM Transistorized Telem- 
eter System, Joe H. Smith. Semi-Automatic 
Programming for a Long-Range Missile Telem- 
etry Station, H. E. Pietsch. New Magnetic 
Tape Recording System for Telemetry, Clarence 
Rogers and R. E. Hadady. Automatic Record- 
ing Wave Analysis of Vibration Data, K. S. 
Bonwit and R. B. McDowell. A General Pur- 
pose Telemeter Analog-to-Digital Conversion 
System, A. L. Munzig, Jr. 


Forward Scatter Communication Via Meteor 
Trails and Related Problems; Papers Presented 
at the Ionospheric Research Meeting, The Hague, 
Netherlands, July 1-3, 1957. (AGARDograph 
No. 26). Paris, NATO, AGARD, 1958. 69 pp., 
illus., diagrs. Distributed in the U.S. by NACA, 
Washington. 

Contents: Forward Scattering From Meteor 
Trails, P. A. Forsyth. Meteor Signal Charac- 
teristics of Importance in Communication, P. A. 
Forsyth. Some Characteristics of Radio Com- 
munication via Meteor Ionization Trails, V. R. 
Eshleman. Some Statistical Results on Reflec- 
tions From Meteoric Trails Obtained by Forward- 
Seatter Experiments in Norway, T. Hagfors. 
Artificial Electron Clouds, J. Préssman, F. F. 
Marmo, L. M. Aschenbrand, A. S. Jursa, and 
M. Zelikoff. The Problem of Introducing Iono- 
spheric Scatter Communication Systems into the 
European Frequency Region, E. Fritch. Operat- 
ing Principles and Design Considerations of Janet 
Systems, D. R. Hansen. Some Operational 
Characteristics of the Canadian Janet System, 
D. R. Hansen. 


Proceedings of the EIA Conference on Main- 
tainability of Electronic Equipment. Held at 
University of Southern California, Los Angeles, 
December 18-19, 1957. Sponsored by the Engi- 
neering Department, Electronic Industries 
Association. Engineering Publishers, G.P.O. 
Box 1151, New York 1, N.Y., 1958. 104 pp., 
illus., diagrs., tables. $5.00. 

Contents: Concepts and Requirements for 
Maintainability: A New Concept of the Main- 
tainability Problem, Raymond J. Nordlund. 
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SR. THERMODYNAMICIST (PHD calibre preferred) 


There’s a New Order of Complexity for the 
THERMODYNAMICIST 


in developing the Nuclear Propulsion System for Aircraft 


The requirements for small size, applied mechanics), you may find a 
coupled with high-power density in full outlet for your talents in: 
a reactor for flight propulsion, raise 
problems in heat transfer never faced 
before. CONTRIBUTOR REPORTING 
As an indication of the technical 
difficulty of these problems, consider This senior engineer will survey — 
the fact that the reactor now being upon his own initiative—all technical 
developed by General Electric for projects in his field at the Labora- 
flight propulsion must generate more tory; make recommendations regard- 
power than a submarine reactor, ing them; lead a Task Force on spe- 
though it is only a fraction of the size. cial projects, as needed; advise entire 
If problems “of this order” attract sub section. (While not a managerial 
you, and you have depth and breadth position, the engineer holding this 
of experience to apply (in thermody- assignment will be considered for a 
namics, heat transfer, aerodynamics, managership in his area.) 


Write in strict confidence, stating salary requirements, to: 
Mr. P. W. Christos, Div. 2-MR 


GENERAL ELECTRIC 


P.O. Box 132, Cincinnati 15, Ohio 


ATTENTION ADVERTISERS 


YOUR BEST INVESTMENT 
IN 
ENGINEERING READERSHIP 
IS 


AERO/SPACE ENGINEERING 


The ONLY magazine serving the technical in- 
terests of professional engineers and design 
project teams currently developing Missiles, 


Rockets, Aircraft, Satellites, and Spacecraft. 
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Planning for Maintenance, F. K. B. Wheeler 
Guide for Design of Maintainable Equipment, 
Murray J. Weiss. Ground Environment Equip- 
ment Maintainability: Designing for Maintain- 
ability, Richard M. Jacobs and Bertram F. 
Rogers. Advanced Maintenance Techniques for 
Digital Computers, C. J. Hesner. Accessibility— 
A Major Maintainability Design Criterion, 
Morton Stitch and Gerald Stone. Maintain- 
ability of NIKE-AJAX, G. B. Troussoff. Missile 
Maintainability: Some Army Problems in Missile 
Maintenance, C. I. Cummings. Maintainability 
of Ordnance Weapon Systems and Equipment, 
H. A. Wilcox. Field Maintainability of the 
Falcon Missile System, R. W. Manley. The 
Wonderful One Horse Missile, J. L. P. McCallum. 
Maintainability of Airborne Equipment: Intro- 
ductory Remarks, Edward M. Boykin. Elec- 
tronics Maintainability—-A Challenge to In- 
dustry, George G. Getz. Maintainability and 
Operational Performance, Milton E. Mohr. 
Radar Maintainability, James R. Merrill. De- 
signed Maintainability, R. M. Ranftl. 
Introduction to Printed Circuits. Robert L. 
Swiggett. New York, J. F. Rider Publisher, 
ia. 1956. 101 pp., illus., diagrs., tables. 


The design engineer and the technician will 
find this book a comprehensive introduction to 
the printed circuit field. Descriptions are given 
for each of the types of printed circuits encoun- 
tered in electronic equipment, with discussions 
of their characteristics and functions, their mode 
of manufacture, and their effects on techniques 
for servicing devices that contain them, 


INFORMATION THEORY 


Mathematical Foundations of Information 
Theory. A. I. Khinchin. Translated from the 
Russian by R. A. Silverman and M. D. Friedman. 
New York, Dover Publications, Inc., 1957. 
120 pp. $1.35. 

The book consists of translations of two papers 
by A. I. Khinchin: “The Entropy Concept in 
Probability Theory’’ (Uspekhi Matematicheskikh 
Nauk, Vol. 8, No. 3, 1953, pp. 3-20) and ‘On 
the Fundamental Theorems of Information 
Theory”’ (Uspekhi Matematicheskikh Nauk, Vol. 
11, No. 1, 1956, pp. 17-75). The first paper 
develops the concept of entropy in probability 
theory as a measure of uncertainty of a finite 
“‘scheme’’ and discusses a simple application to 
coding theory. The second paper investigates 
the restrictions previously placed on the study of 
sources, channels, and codes and attempts to 
give a complete, detailed proof of both Shannon 
theorems, assuming any ergodic source and any 
stationary channel with a finite memory. 


MANPOWER 


High-Talent Manpower for Science and In- 
dustry, An Appraisal of Policy at Home and 
Abroad. J. Douglas Brown and _ Frederick 
Harbison. (Research Report Series No. 95.) 
Princeton, N.J., Industrial Relations Section, 
Princeton University, 1957. 97 pp. $3.00 

Contents: I, Introduction. II, Considerations 
in the Determination of an American Policy, 
J. Douglas Brown; A, The Conditions Affecting 
the Demand for the Supply of High-Talent Man- 
power; B, The Problems and Policies of Corpora- 
tions in Enhancing their ‘‘Seed-Corn’’ Talent; 
C, The Task of the College and University in the 
Education of ‘‘Seed-Corn’’ Talent; D, The 
Place and Functions of Government in En- 
hancing the Supply of ‘‘Seed-Corn’’ Talent. 
III , The Development of Human Resources in 
the Newly Industrializing Countries, Frederick 
Harbison; A, The Aspiration to Industrialize; 
B, Some Underlying Propositions; C, The De- 
velopment of Strategic Human Resources; D, 
Summary. IV, Conclusion. 


MECHANICS 


Advances in Applied Mechanics, Vol. 5. 
Edited by H. L. Dryden and Th. von K4rman. 
New York, Academic Press, Inc., 1958. 459 
pp., illus., diagrs., tables. $12. 

Contents: Supersonic Air Ejectors, J. Fabri 
and R. Siestrunck. Unsteady Airfoil Theory, 
A. I. von de Vooren. The Theory of Distribu- 
tions, Charles Saltzer. Stress Wave Propagation 
in Rods and Beams, H. N. Abramson, H. J. 
Plass, and E. A. Ripperger. Problems in Hydro- 
magnetics, Edward A. Frieman and Russell M. 
Kulsrud. Mechanics of Granular Matter, H. 
Deresiewicz. Condensation in Supersonic and 
Hypersonic Wind Tunnels, P. P. Wegener and 
L. M. Mack. 


METALS AND ALLOYS 


The Metallurgy of Vanadium. William Ros- 
toker. New York, John Wiley & Sons, Inc., 
1958. 185 pp., illus., diagrs., tables. $8.50. 

This book is by way of a progress report on the 
present state of knowledge of alloying and 
physical and mechanical properties of vanadium. 
It provides a comprehensive treatment of the 
extraction, properties, and processing of the 
metal and thus serves as a ready reference for 
those seeking to use new materials for special 
applications. The author is Assistant Manager, 
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Now Available— 
Limited Supply 


The 1956 Edition 
of the 
AERONAUTICAL 
ENGINEERING 
INDEX 


e More than 5,100 ab- 
stracts of reports, peri- 


odical articles, meeting 
papers, books, and tech- 
nical publications 


e Worldwide Coverage 


e Convenient Subject and 
Author Indexes 


AN INDISPENSABLE REFER- 
ENCE TOOL for the aero/space 


scientist and engineer in speedily 


locating literature on specific 


subjects relating to the design, 


development, and operation of 
aircraft, missiles, rockets, satel- 
lites, and spacecraft. 


Member Price: $10. 
Nonmember Price: $15.* 


(*Add $1.00 for orders outside 
the U.S.A.) 


Copies may be obtained by writing to: 


Special Publications Dept. 
IAS, 2 E. 64th St., N.Y. 21, N.Y. 


Metals Research Department, Armour Research 
Foundation. 
Contents: (1) Extractive Metallurgy of Vana- 
dium. (2) Physical Properties of Vanadium. 
(3) The Constitution of Vanadium Alloy Systems. 
(4) Mechanical Properties of Vanadium. (5) 
Mechanical Properties of Vanadium Alloys. 
(6) Technology of Vanadium. (7) Oxidation 
of Vanadium and Associated Topics. (8) Cor- 
rosion and Embrittlement of Vanadium. (9) 
Metallography of Vanadium and its Alloys. 
(10) Vanadium as an Alloy Addition. Index. 


METEOROLOGY 


Polar Atmosphere Symposium: Part 2, Iono- 
spheric Section. Symposium at Oslo, July 
2-8, 1956. Edited by K. Weekes. (AGAR Do 
graph No. 29, Part 2.) Published for and on 
behalf of NATO AGARD. London, New York, 
Paris, Pergamon aoe 1957. 212 pp., illus., 
diagrs., tables. $10.50 

ontents: Theoretical Views on Drift Meas- 
urements, I. L. Jones. The Drift of an Ionized 
Layer in an Presence of the Geomagnetic Field, 
K. Weekes. The Height-Variation of Hori- 
zontal Drift Velocities in the E-Region, I. L. 
Jones. Results of Ionospheric Drift Measure- 
ments in the United States, Vaughn Agy. Re- 
sults of Ionospheric Drift Measurements in 
Norway, Leiv Harang. Large-Scale Movements 
of the Layers, H. W. Wells. Movements of 
Ionospheric Irregularities Observed Simultan- 
eously by Different Methods, I. L. Jones, B. 
Landmark, and C.S. G. K. Setty. Measurements 
of Irregularities and Drifts in the Arctic Iono- 
sphere Using Airborne Techniques, George J. 
Gassmann. Turbulence in the Ionosphere with 
Applications to Meteor Trails, Radio Star 
Scintillation, Auroral Radar Echoes, and Other 
Phenomena, H. G. Booker. Electron Distribu- 
tion in a New Model of the Ionosphere, H. K. 
Kallmann. Prediction Techniques at High 
Latitudes, J. H. Meek. Geographic Distribution 
of Geophysical Stations on the Polar Cap, A. H. 
Shapley. Statistical Results and Their Short- 
comings Concerning the Ionosphere Within the 
Auroral Zone, R. W. Knecht. Polar Disturb- 
ances, J. H. Meek. Polar Blackout Occurrence 
Patterns, Vaughn Agy. Quantitative Measure- 
ments of Absorption in the Auroral Zone, F. 
Lied. Forecasting of Disturbed HF Communica- 
tion Conditions, R. C. Moore. The Spectrum 
of the Electron Density Fluctuations in the 
Ionosphere, Roger M. Gallet. A Theory of 
Long-Duration Meteor Echoes Based on Atmos- 
pheric Turbulence with Experimental Con- 
firmation, H. G. Booker and Robert Cohen. 
Some Implications of Slant-Es, E. K. Smith and 
R. W. Knecht. Results of Scatter Measurements 
at 36 Mc/s over a 1200 km Path, Tor Hagfors. 


MISSILES 


Exterior Ballistics of Rockets. Leverett 
Davis, Jr., James W. Follin, Jr., and Leon 
Blitzer. Princeton, N.J., D. Van Nostrand 
ya Inc., 1958. 457 pp., diagrs., tables. 


The present volume is a modified version of 
Exterior Ballistics of Rockets, NAVEXOS P-1002, 
published by the Office of Naval Research in 
June, 1953, and based on material written shortly 
after the conclusion of World War II. The 
significant advance in rocketry since that time 
has partially invalidated certain of the predic- 
tions in the text. However, the basic concepts 
and treatment of the exterior ballistics of solid- 
fuel rockets are still pertinent and should be useful 
as a foundation on which to build more advanced 
treatments. Emphasis is placed on the physical 
understanding of rocket behavior, as well as on 
the mathematical formulation of the theory. 
In general, unfamiliar concepts that go beyond 
elementary analytical mechanics, differential 
equations, and vector analysis are explained in 
some detail. 

Contents: Description of a Fin-Stabilized 
Rocket and Its Force System. The Motion 
During Burning. The Launching Process. The 
Motion After Burning. The Ballistics of Rockets 
Fired Foward from Aircraft. Introduction to 
Spin-Stabilized Rockets. Description of a Spin- 
Stabilized Rocket and its Force System. The 
Motion During Burning and During Launching. 
The Motion After Burning. Appendix A, 
Glossary of Symbols. Appendix B, Integrals, 
Series, and Asymptotic Expansions. Appendix 
C, Tables of Fresnel Integrals and Characteristic 
Functions. Index. 


Second Guided Missiles Seminar: Guidance 
and Control, Venice, Italy, September 24-28, 
1956. (AGAR Dograph No. 21.) Paris, NATO 
AGARD, 1958. 391 pp., diagrs., tables. Dis- 
tributed in the U.S. by NACA, Washington. 

Contents: (1) Weapons System Philosophy, 
George H. Clement. (2) ORO Weapons System 
Philosophy, Harlan C. Meal. (3) New Principles 
in the Design of Superior Communications, 
Navigation, and Missile Guidance Systems, 
W. P. Lear, Sr. (4) Guidance Techniques, 
Walter L. Webster, Jr. (5) Considerations in 
the Choice of a Missile Guidance and Control 
System, Robert W. Mayer. (6) Inertial Naviga- 
tion, Norman F. Parker and Charles P. Greening. 
(7) Aiding the Inertial Navigation System, 


VIBRATION 
ENGINEERS 


VIBRATION TEST 
Graduate engineers experienced in vibration 
environmental testing. K: 
frequencies and random noise vibration a 
required. Assist in the formulation, schedulin 
execution, evaluation and reporting results pe 
vibration tests. 


A supervisory test engineer vacancy exists. 
Man will be responsible for the above, and 
recommend structural design changes “when 
required 


ANALYTICAL 


To set up design standards and design analyti- 
cal procedures. Background should include 
mechanics, fluid flow, stress analysis and ther- 
modynamics. Knowledge of servomechanism 
analysis desirable. Competent in probl of 
design, involving producti and i cti 

thods and d Know materials, es- 
pecially aluminum, stainless steel and high 
temperature alloys. 


MECHANICAL METALLURGIST 


Will be required to perform theoretical and ex- 
perimental stress analyses on high speed ro- 
tating parts, complex pressure vessels, and 
hydromechanical servomechanisms for jet air- 
craft accessory equipment. Will provide an 
opportunity to become familiar with program- 
ming procedures for IBM 704 and 705 elec- 
tronic data processing machines. Experimental 
work will involve use of such tools as Stresscoat, 
bonded wire strain gages, and photoelastic 
equipment. B.S. Degree in Mechanical Engi- 
neering required, and graduate work or experi- 
ence in th ti and li mechanics 
desirable. 


Please send reply to 
Kellogg A. F. Smith, Employment Supervisor 


HAMILTON STANDARD DIVISION 
United Aijrcraft Corporation 
121 Bradley Field Rd. 
Windsor Locks, Conn. 


SYSTEMS 
DYNAMICIST 


To perform analysis and synthesis of 
control systems, mechanisms, auto- 
pilots for complex missile sy stems; 
conduct analytical studies, including 
effects of aerodynamics, propulsions, 
propellant motion, structural vibra- 
tion and subsystem component dy- 
namics. Must be strong in applied 
math; be familiar with electrical, 
mechanical, and hydraulic systems, 
linear as well as non-linear and with 
analysis techniques for handling 
these systems. Should have five 
years’ experience in missiles or air- 
craft. Must have at least MS in 
aerodynamic, electrical or mechani- 
cal engineering, applied physics or 
applied math. 


If you qualify for the above posi- 


tion, Martin wants you. Send 
resume to: 

Mr. Frank Lampman 
Engineering & Scientific Staffing 
Department AS-6 
Martin-Denver, Box 179 
Denver 1, Colorado 


MARTIN 


DENVER 
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Evolution—the Veodeo— 
and the CWT 


The headlines McDonnell’s Voodoos are making today had their start 
more than ten years ago. 


The XF-88, experimental forerunner of the Voodoo series, was in the 
air in 1948. From this prototype, the series evolved through six years 
of testing and research, and the first Voodoo was flown in 1954. 

Today, the F-101A version of the Voodoo holds the world’s speed rec- 
ord—1,207 mph. The RF-101A holds all three cross-country speed 
records. The F-101B, carrying the “Genie” air-to-air nuclear rocket, is 
capable of knocking down an entire formation of enemy bombers. 

Throughout this development, the CWT — the Southern California 
Cooperative Wind Tunnel — has made important contributions to the 
evolution of the Voodoo. The XF-88 was tested at the CWT; tests for 
the F-101A were in progress as early as 1952. 

The CWT has participated in the aerodynamic development of a wide 
range of military aircraft, missiles and commercial airplanes, including 
such craft as the Hustler, the Starfighter, the DC-8 and the Super Sabre. 


The CWT serves its five owner companies, a number 
of governmental agencies, and other aircraft manufacturers. 
If you would like more information regarding its services 
and facilities you are invited to write us. 


Operated by the 

California Institute of 
Technology. Owned 
by Convair, Douglas, 
Lockheed, McDonnell 


950 Raymond Ave., and North American. 
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William F. Bailhaus and Frederick Stevens, Jr. 
(8) Linear Homing Navigation, Robert K. 
Roney. (9) Pitfalls in Missile Control, Robert 
L. Johnson. (10) The Effects of Airframe 
Characteristics on Control System Design, F. E. 
Perry. (11) Geometrical Stabilization Based on 
Servodriven Gimbals and Integrating Gyro 
Units, Charles S. Draper and Roger B. Wood- 
bury. (12) Sampled-Data Systems, John R. 
Ragazzini. (13) Digital Techniques in Missile 
Guidance Systems, Sidney Darlington. (14) 
The Use of Digital Computer Techniques in 
Missile Design and Control, D. H. Gridley. 
(15) The Application of Noise and Filter Theories 
to Guidance Problems, R. J. Parks and Robert M. 
Stewart. (16) Recent Developments in Fixed 
and Adaptive Filtering, A. G. Carlton and J. W. 
Follin, Jr. (17) Practical Problems Encoun- 
tered in Missile Guidance and Control Design, 
R. E. Whiffen. (18) Application of Methods of 
Science to the Problem of Reliability, C. Raymond 
Knight. (19) Reliability of Guided Missiles, 
Edwin A. Speakman. (20) Laboratory vs. Flight 
Evaluation of Airborne Guidance Components, 
W. H. Clohessy. 21) Trends in Field Testing of 
Guided Missiles, Ernst A. Steinhoff. (22) 
Low Signal Level Missile Instrumentation, L. G. 
deBey. (23) On the Way to Automated Proc- 
essing of Flight Measurement, W. E. Klemperer. 
(24) Paper on the Guidance and Control of 
Missiles, Stephen Waldron. 


PRODUCTION 


Stainless Steel Fabrication. Pittsburgh, Alle- 
gheny Ludlum Steel Corporation, 1957. 384 
pp., illus., diagrs., tables. 

The contents of this reference book of fabricat- 
ing methods and practices are based on the 
knowledge and experience acquired in actual 
shop operations. Much of the information has 
come from companies generally considered to be 
experts in their own particular field. Its chap- 
ters cover the common methods and practices 
required for successful fabrication, as well as the 
precautions and treatments necessary to ensure 
the realization of the inherent properties of the 
stainless steels in the finished part. 

Contents: (1) General Considerations. (2) 
Cutting Operations. (3) Joining Operations. 
(4) Cold Forming Operations. (5) Hot Forming 
Operations. (6) Machining Operations. (7) 
Heat-Treating Operations. (8) Surface Treating 
Operations. (9) Reference Tables. Index. 


SPACE TRAVEL 


Project Satellite. Kenneth W. Gatland, 
Editor. New York, The British Book Centre, 
Inc., 1958. 169 pp., illus., diagrs., tables. 
$5.00. 


In this popular treatment of the planning, 
launching, instrumentation, and tracking of earth 
satellites, four well-known scientists discuss the 
early history of rocket development and provide 
forecasts as to the nature of future advances in 
the exploration of space. Dr. Wernher von 
Braun describes the efforts of rocket pioneers in 
Germany during the late twenties and the de- 
velopment work at Peenemiinde, his early plans 
for satellite launchings, and his designs for inter- 
planetary flight. Kenneth W. Gatland provides 
details of today’s American and Russian satellite 
programs and the various missile projects (Aero- 
bee, Viking, and Atlas among others) and outlines 
their military and scientific objectives. H. 
Ross describes projects now in the pianning stage: 
satellites serving as radio and television trans- 
mitters and as weather stations and astronomical 
observatories; manned satellite rockets; manned 
space stations; and the solar mirror. A. V. 
Cleaver closes the book with a commentary on the 
prospects of interplanetary flight in light of recent 
developments, the estimated costs of spaceflight 
projects, and their military and scientific applica- 
tions. 


VIBRATION 


Vibration and Impact. Ralph Burton. Read- 
ing, Mass., Addison-Wesley Publishing Company, 
Inc., 1958. 310 pp., diagrs., tables. 50. 

Written to serve as a steppingstone between 
introductory dynamics and the more advanced 
fields of engineering, this text provides a broad 
introduction to the subject. It reflects the 
author’s view that an understanding of basic 
principles of vibration (and oscillatory phe- 
nomena in general) is needed by all mechanical 
engineering students, regardless of what their 
special interests may be. A large number of 
worked and unworked problems are distributed 
throughout the text. The author is Associate 
Professor of Mechanical Engineering, University 
of Missouri. 

Contents: (1) Introduction. (2) Free Vibration. 
(3) Vibratory Systems ae Found in 
Machinery. (4) Damping. (5) Steady Forced 
Vibration. (6) Impact. (7) Nonlinear Vibra- 
tion. (8) Measurement: Instruments and An- 
alogs. (9) Systems with Two Degrees of Free- 
dom. (10) Numerical Computation of Natural 
Frequencies for Systems with Many Degrees of 
Freedom. (11) Waves. (12) Vibrating Beams 
and Related Subjects. (13) Analysis of Control 
Systems. (14) Fatigue. Answers to Selected 
Problems. List of Symbols. Name __ Index. 
Subject Index. 
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Personnel 


This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Professors—The Air Force Institute of Tech- 
nology, Wright-Patterson AFB, Ohio, has vacan- 
cies in the Department of Mathematics. Most 
of the work is at advanced undergraduate and 
graduate level. Employment will be effected in 
accordance with Civil Service regulations. Grade 
levels available are GS-9 ($5,440—-$6,250), In- 
structor; GS-11 ($6,390-$7,465), Assistant 
Professor; GS-12 ($7,570-$8,645), Associate 
Professor. Applications should be made on 
Standard Form 57, available at any post office, 
or by letter to Dr. Albert B. Carson, Head of 
Department of Mathematics, ITDSE, Air Force 
Institute of Technology, Wright-Patterson AFB, 
Ohio. 


Assistant, Associate, or Full Professor—in the 
Mechanics Department at the Air Force Institute 
of Technology, Wright-Patterson AFB, Ohio. 
Applicants should possess an M.S. with industrial 
or teaching experience or a Ph.D. Teaching 
assignment may vary from undergraduate me- 
chanics courses through advanced graduate 
courses in aircraft and missile structures, aero- 
elasticity, missile ballistics, and advanced dy- 
namics. Employment will be effected under 
Civil + tae regulation at the grades of GS-11, 
12, or 13. 


Flight Test Engineers, Aeronautical Design 
Evaluation Engineers—The Civil Aeronautics 
Administration needs experienced aeronautical 
engineers in the performance analysis, flight- 
test, and aerodynamics specialties. Flight-test 
engineers will be responsible for planning and/or 
evaluating flight-test programs, test data re- 
duction methods, and flight manual performance 
and contents on commercial aircraft. Aero- 
nautical design evaluation engineers will be re- 
sponsible for structural evaluation of commercial 
aircraft and aircraft component designs in deter- 
mining compliance with civil air regulations. 
Salaries range from $6,250 to $10,065 annually. 
Those interested should submit résumé or contact 
Robert Barnfather, CAA, Federal Building, New 
York International Airport, Jamaica, N.Y. 
(telephone: OLympia 9-7000, Ext. 240). 


Aeronautical Engineering--Faculty position 
available in Department of Aeronautical Engi- 
neering. Applicant should have advanced de- 
gree and some teaching experience. Should be 
able to teach aerodynamics, stability and control, 
and aircraft design at graduate level. Academic 
rank and salary (GS-11 to 13) will be dependent 
upon qualifications of applicant. Address re- 
plies to Dean G. R. Graetzer, School of Engi- 
neering, Air Force Institute of Technology, 
Wright-Patterson AFB, Ohio. 


Engineers (Aeronautical, Electrical, Electronic, 
Industrial, General, Mechanical, and Power- 
Plant), Electronic Scientists, Metallurgists, 
Physicists, Technologists—Vacancies exist for 
professional personnel in the above positions. 
Starting salaries range from $4,480 to $8,645 per 
annum. The Naval Air Material Center is 
currently engaged in an extensive program of 
aeronautical research, development, experimen- 
tation, and test operations for the advancement 
of Naval aviation. Personnel are needed for 
work on projects involving modification, over- 
hauling, and testing of aeronautical equipment, 
materials, accessories, power plants, launching 
and arresting devices and for modification and 
structural testing of aircraft. 

They are also needed for work involving the 
basic design of catapults, launchers, arresting 
gear and their component parts; test and develop- 
ment work at shore stations and on board U.S. 
Navy ships, evaluation of new equipment and 
establishment of performance parameters, and 
applied research on the many problems relevant 
to this field. 


Interested persons should file an Application 
for Federal Employment, Standard Form 57, 
with the Industrial Relations Department, 
Naval Air Material Center, Naval Base, Phila- 
delphia 12, Pa. Applications may be obtained 
from the above address, or information as to 
where they are available may be obtained from 
any first- or second-class post office. 


Assistant Project Weights Engineer—To 
andle preliminary design weight estimating, 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 


to which inquiries should be addressed. 


develop methods for estimating, and assist in 
controlling weight on aircraft designs. Prefer 
graduate engineer or major in engineering sub- 
jects with 3 or 4 years’ applicable experience. 
Aircraft Loads Project Lead Gagincer- —To super- 
vise the calculation of structural static and 
dynamic loads, determine structural design 
criteria, and develop methods for !oad analysis on 
manned aircraft designs. Bachelor of Science 
degree in aeronautical engineering required, 
Master’s degree preferred, 5 to 7 years’ related 
experience in aircraft loads work. Apply to 
Supervisor, Aircraft Engineering Personnel, Bell 
Aircraft Corporation, P.O. Box One, Buffalo 

Aerodynamics Research Engineer—To (fill 
position in engineering department of leader in 
air handling industry. M.S. in mechanical or 
aeronautical engineering, 5 years’ experience in 
stress analysis and design of turbomachinery, 
and 3 years’ experience in internal aerody- 
namics of turbomachinery required. Applicant 
should have desire to fit into a small research 
group doing long-range development on centrif- 
ugal and mixed-flow compressors for commercial 
and industrial application. Salary open. Lib- 
eral benefits program. Contact Westinghouse 
Electric Corporation, Sturtevant Division, Da- 
mon Street, Hyde Park, Mass. (telephone: Hyde 
Park 3-3700, Ext. 341). 

Professor, Aeronautical Engineering Develop- 
ment of graduate program with possil le headship 
of department. Industrial salary scale, consult- 
ing opportunity. Ph.D. required. Address: 
Dean, School of Engineering, University of 
Wichita, Wichita 14, Kan. 

859. Head of Mechanical Engineering De- 
partment— Developing department in industrial 
city; new curriculum and laboratories being de- 
signed. Industrial salaries matched, oppor- 
tunity for consulting. Ph.D. or D.Sc. required. 


Available 


864. Mechanical Engineer—M.S. in M.E. 
Age 29. Experience in missile propulsion, tur- 
bomachinery research. Teaching experience, 
graduate level. Strong background in thermo- 
dynamics, fluid mechanics. Desires research or 
advanced development in missile propulsion or 
a2rodynamics. Turbomachinery, related fields, 


863. Aeronautical Engineer—Age 38. Seven 
years in aerodynamic department working on 
high-speed aircraft design and wind-tunnel test- 
ing, the last 4 years as chief aerodynamicist; 3 
years of aircraft airfield practice as a qualified 
maintenance engineer; 2 years of teaching ex- 
perience in aerodynamics and physics at univer- 
sity level. Holds undergraduate and graduate 
engineering European University Diploma; ad- 
ditionally, for 2 years attended graduate courses 
at United States and British universities in high- 
speed aerodynamics, design, stability and control. 

Presently teaching and doing experimental 
supersonic aerodynamic research at an East 
Coast university. Wants permanent, steady 
employment, either with aircraft industry or at 
university or research institution as a teacher in 
subjects of aerodynamics, stability and control, 
and aerodynamic design courses—or correspond- 
ing advanced research work. Detailed résumé 
upon request. 

862. Publications Supervisor—B.S. and M.:S.; 
7 years’ experience in most phases of publication 
work, Has been employed by airframe, engine, 
and research organizations. Supervised—as well 


as written, edited, and produced—Government 
specification handbooks, brochures, reports, dis- 
plays, etc. Record of quality work produced on 
schedule. Desires permanent position. 

861. Aerodynamicist—With extensive re- 
search and development experience; would like 
spare-time assignments involving editing tech- 
nical or popular scientific papers or translating 
French or German technical papers. 

860. Senior Thermodynamics Engineer—A ge 
32. B.S.M.E. (Aero.), 1949. Eight years’ ex- 
perience in analysis and design of anti-icing and 
related systems. Systems include thermal anti- 
icing, thermal deicing, and pneumatic boot 
shields, and air intakes. Heavy experience in 
the design of icing test models and conduction of 
tests in the prominent icing research tunnels. 
Also design and test experience with air-condition- 
ing equipment, ejectors, air intakes, heat-transfer 
and aerothermodynamic studies. Desires inter- 
esting and challenging work in a responsible posi- 
tion with a growing company. 

858. Assistant Professor—Teaching experi- 
ence of both undergraduate and graduate courses 
in aeronautical engineering department. Has 
engaged in extensive theoretical work. Desires 
more challenging position in teaching. 


857. Aeronautical Engineer—-M.Ae.E. Age 
37. Ex-chief engineer of leading Latin American 
airline; broad technical and administrative ex- 
perience. Also teaching experience at university 
level. Languages: English, Spanish, French. 
Desires field service, technical representation of 
company affording future and opportunity, or 
chair at university. Desired location: South 
America. 

856. Research and Development Engineer— 
B.S., M.S. in E.E., Ph.D. candidate. Seven 
years’ experience in automatic flight controls and 
dynamical analysis for aircraft and missiles. 
Extensive experience in ballistic missile area 
including re-entry dynamics. Licensed pilot. 
Desires challenging position and increased re- 
sponsibility in area of advanced flight vehicles 
and weapons systems. 


Reviews (Continued from page 120) 


Water-Based Aircraft 


Impact on a Compressible Fluid. I. T. Egorov. 
(Prikl. Mat. i Mekh., No. 1, 1956, pp. 67-72.) 
U.S., NACA TM 1413, Feb., 1958. 12 pp. 
Translation. Theoretical solution of vertical hy- 
drodynamic impact of a flat rigid body on the sur- 
face of a nonviscous compressible fluid. 

Wind-Tunnel Tests on Seaplane Hulls in the 
R.A.E. 5-ft Diameter Open Jet Tunnel and the 
N.P.L. Compressed Air Tunnel. A. G. Smith, 
K. W. Clark, D. Cameron, R. Jones, A. H. Bell, 
E. Smyth, and A. F. Brown. (Gt. Brit., MAEE 
Rep. F/Res./266.) Gt. Brit., ARC R&M 3018 
(Jan., 1955) 1957. 50 pp. BIS, New York, $2.70. 


Change of Address 


Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Aero/Space Engineering. 


Notices should be sent directly to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, N.Y. 
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785 
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A Simple Method of Matric Structural 
Analysis—Part Ill. Flexible Frame and 
Stiffened Cylindrical Shell Analysis— 
Bertram Klein. 

On Vibrations of Conical Shells—G. 
Herrmann and |. Mirsky. 

An Optimum Design for a Semi-infinite 
Rocket Wall Containing a Circumfer- 
ential Keyway—B. W. Shaffer, |. Cochin, 
and M. Mantus. 

Supersonic Airfoil with Small 
Heat Addition—Artur Mag 

Vibrations of Thin Cylindrical Shells 
Analyzed by Means of Donnell-Type 
Equations—Yi-Yuan Yu. 

Autorotation of Fuselages—Mark H. 
Clarkson. 

Statics and Dynamics of Non-Uniform 
Curved Beams and Prismatic Shells—f. 
F. Ehrich and J. P. de Vries. 

Transport Airplane Crash Loads—G. M. 
Preston and G. J. Pesman. 

The Minimum Weight of a Structure Pro- 
tected Against Short Duration _Aero- 
dynamic Heating by Means of Therma! 
Insulation—Richard A. Dobbins. 

The Hecker Method of Transient Temper- 
ature Calculation—A. W. Trimpi. 

Approximate Three-Dimensional Solutions 
for Transient Temperature Distribution in 
Shells of Revolution—M. A. Brull and 

inson. 

Theoretical Considerations of Flutter at 
ie Mach Numbers—H. organ, 

L. Runyan, and Vera Huckel. 

wena Stresses and Deflections in Rec- 
tangular Sandwich Plates—P. O. 
Bijlaard. 

Some Effects of Curvature on Frames—R. 
W. Westrup and P. Silver. 

Creep and Static Strengths of Large Bolted 
Joints of Aluminum Alloys 
under Set emperature Conditions 
—L. Mordfin, reene, N. 
R.H. Harwell, Jr., and R.L. Bloss. 

Fatigue—lIs Low Me- 
terial the Answer? 

ig sn Fatigue Test of the C- 130A Hercu- 
les—J. E. York. 

On Optimum Thin Lifting Surfaces at 
Supersonic Speeds—H. Yoshihara, J 
gen and T. Strand. 

Semi Empirical Analytical Method of 
Obtaining Aerodynamic Derivatives— 
Van Dorn. 

A Comparison of Theoretical and Experi- 
mental Loads on The B-47 Resulting 
from Discrete Vertical Gusts 
Jackson and J. E. Wherry. 

Some Structural Response Characteristics 
of a Lerge Flexible Swept-Wing Air- 
plane in Rough Air—T. L. Coleman, 

N. Murrow, and H. Press. 

A Rational Determination of Loads and 
Exit Velocities of Cartridge Ejected 
Stores—H. Wolf and S. Pines. 

Some Applications of Theoretical Aero- 
dynamics to the Design of High Per- 
formance Aircraft—G. C. Grogan, Jr. 

Aeroballistics Ran nee Measurements of the 
Performance an Supersonic 

R. Warren, R lin, 
and B. 

The Minimum inetion Problem for the 
Addition of a Body 3 a Given Airplane 
Configuration—J. F. Vandrey. 

Air Traffic Demand of the Reset: 1953- 

1963—A. D. Harvey. 

The Transonic Flow Field of an Axial Com- 
pressor Blade Row—J. E. McCune. 

A Linear Perturbation Method for Sta- 
bility and Flutter Calculations on Hyper- 
sonic Bodies—Maurice Holt. 

The Satellite Tracking Camera—Joseph 


alsey, 


unn. 
The Air Force Instrument Development 
Program—Brig. Gen. Marvin C. Demler. 
ae and Hypersonic Human Flight 
. Ward, Dr. S. J. Gerathe- 
wohl, Soul Lt. Col. G. R. Steinkamp. 
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Cybernetics in Human Flight—G. T. Hauty. 
The Supersonic Blunt-Body Problem— 
Review and Extension—M. D. Van 


e. 

Chemical Relaxation in Air, Oxygen and 
eo Camac, J. Camm, S. Feld- 
man, J. Keck, and C. Petty 

The of the Land-Based 

ystem—D. B. Holmes. 

Pitch-Lag Instability of Helicopter Rotors— 

ei Chi Chou. 

Direct Analog Method of Analysis of the 
Vertical Flight Dynamic Characteristics 
of the Lifting Rotor with Floating Hub— 
R. H. MacNe 

Pitch-Lag Instability as Encountered During 
Tests of a Model Rotor—John 

icKee. 

Research in the Field of Wingless VTOL 
Aircraft—A. M. Lippisch. 

Solutions for Helicopter Rotor on Icing 

H. A. Wahl, and 
i M. Clifford 

An Analytical Procedure for the Prelim- 
inary Structural and Dynamic Design, and 
Weight Estimation of Helicopter Rotor 
Blades—Abner Rasumoff. 

On the Hydrodynamic Stability of Curved 
Laminar Compressible Flows—M. Les- 
sen. 

Lege Range (A_ Symposium)— 

8. O'Ne G. C. Covington, R. L 
Purdy. 

NACA Research in the Field of VTOL 
and STOL Aircraft—C. H. Zimmerman. 
The Army-Navy Instrumentation Program— 

Commander George W. Hoover. 

On Reducing Aerodynamic Heat Transfer 
Rates by Magnetohydrodynamic Tech- 
niques—R. C. Meyer. 

Examples of Detached Bow Shock Waves 
in Hypersonic Flow—P. R. Garabedian 
and H. M. Lieberstein. 

The Dynamics and Certain Aspects of Con- 
trol of a ly Re-entering the Atmos- 
phere at High Speed—Joseph D. Welch 
an Shih. 

interrelations of Space Medicine with 

ther Fields of Science—Hubertus 
Strughold 

Analysis of the Vertical Flight Dynamic 
Characteristics of the Lifting Rotor with 
Floating Hub and Off-Set Coning 
Hinges—K. H. Hohenemser and C. 
Perisho. 

Devaloenent, Flight Test, and Evaluation of 

Mechanical Stabilizer for Single Rotor 
. Dausman, 
Gebhard, and L. Goland. 

Effects of a Time-Varying Test Environment 
on the Evaluation of Dynamic Stability 
with Application to Flutter Testing— 
W. H. Ree 

The Plastic Balloon as a Geophysical Plat- 
form—R. H. Braun. 

6 Far Side Launching—John L. 

ramer. 

and Education (Combining 3 of 
the 4 papers presented at session 
Charles S. Draper, Richard G. Bowman, 
and Glenn Murphy. 

Supersonic Civil Air Transports With Con- 
sideration of VTOL Cape- 
bilities—James A. lley, Jr. 

Booster Propulsion For Space Vehicles— 

entin 

The Regulatory Problems of Jet Aircraft— 

scar Bakke. 

Cosmology—Winston H. Bostick. 

The Arctic Distant Warning Systemn—W. E. 
Burke. 

The 3 Manned Stratosphere Balloon As- 
cents of 1957—Otto inzen. 

The Role of Manned Balloons in The Ex- 
ploration of Space—Malcolm D. Ross 


and M. Lee Lewis. 


Order by number from: Preprint Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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